For  Reference 


NOT  TO  BE  TAKEN  FROM  THIS  ROOM 


©X  UBB1S 


The  University  of  Alberta 
Printing  Department 
Edmonton,  Alberta 


UNIVERSITY  OF  ALBERTA 
LIBRARY 


Regulations  Regarding  Theses  and  Dissertations 


Typescript  copies  of  theses  and  dissertations  for  Master’s  and  Doctor’s 
degrees  deposited  in  the  University  of  Alberta  Library,  as  the  official  Copy  of 
the  Faculty  of  Graduate  Studies,  may  be  consulted  in  the  Reference  Reading  Room 
only. 


A  second  copy  is  on  deposit  in  the  Department  under  whose  supervision  the 
work  was  done.  Some  Departments  are  willing  to  loan  their  copy  to  libraries, 
through  the  inter-library  loan  service  of  the  University  of  Alberta  Library. 

These  theses  and  dissertations  are  to  be  used  only  with  due  regard  to  the 
rights  of  the  author.  Written  permission  of  the  author  and  of  the  Department 
must  be  obtained  through  the  University  of  Alberta  Library  when  extended  passages 
are  copied.  When  permission  has  been  granted,  acknowledgement  must  appear  in  the 
published  work. 

This  thesis  or  dissertation  has  been  used  in  accordance  with  the  above 
regulations  by  the  persons  listed  below.  The  borrowing  library  is  obligated  to 
secure  the  signature  of  each  user. 


Please  sign  below: 


Date 


Signature 


Institution 


THE  UNIVERSITY  OF  ALBERTA 


SILURIAN  GRAPTOLITES  FROM  CLEARWATER  CREEK  ,  SOUTH  NAHANNI 
RIVER  REGION,  NORTHWEST  TERRITORIES 


by 


JOHN  ROBERT  ETHERINGTON 


A  THESIS 

SUBMITTED  TO  THE  FACULTY  OF  GRADUATE  STUDIES  IN  PARTIAL 
FULFILMENT  OF  THE  REQUIREMENTS  FOR  THE  DEGREE  OF  MASTER 

OF  SCIENCE 


DEPARTMENT  OF  GEOLOGY 


EDMONTON,  ALBERTA 
November,  1967 


>  iOJQ:  7  r*3MTaAW 


UNIVERSITY  OF  ALBERTA 


FACULTY  OF  GRADUATE  STUDIES 


The  undersigned  certify  that  they  have  read,  and  recommend  to  the 
Faculty  of  Graduate  Studies  for  acceptance,  a  thesis  entitled  "Silurian 
Graptolites  from  Clearwater  Creek,  South  Nahanni  River  Region,  Northwest 
Territories",  submitted  by  John  Robert  Etherington,  B.Sc.,  in  partial  fulfilment 
of  the  requirements  for  the  Degree  of  Master  of  Science. 


frontispiece 


Clearwater  Creek  Section,  South  Nahannl  Stiver  Region, 

Northwest  Territories. 


*’by  the  sid  of  the  lowly  grsptollte  the  geologist  of  the 
future  will  be  sble  to  reed  off  the  natural  succession'** 


Lapworth,  I860* 


•'  j  V>o  km  oj  *i<U  mT  Xiiv 


1 1 

ABSTRACT 

The  Clearwater  Creek  section  yields  the  most  complete  succession  of  Silurian 
graptolites  yet  described  in  northern  Canada.  With  the  exception  of  the  Monograptus 
cyphus  Zone,,  which  is  missing,  there  is  a  continuous  sequence  from  beds  equivalent  to 
the  British  Akidograptus  acuminatus  Zone  to  the  Early  Ludlovian  Zone  of  Monograptus 
nilssoni.  The  section  is  immensely  condensed  compared  to  British  sections;  the  Zones 
of  Monograptus  gregarius  to  Monograptus  sedgwicki  are  listed  as  one  unit  only  eight 
feet  thick. 

Over  fifteen  thousand  individual  graptolites  were  examined.  Fourteen  genera, 
one  hundred  species,  and  twelve  subspecies  are  described  in  detail.  Among  these 
are  one  new  species,  Cyrtograptus  canadensis,  and  six  previously  undescribed  forms 
of  which  one  may  be  a  new  species  and  three  may  be  new  subspecies.  Over  half  of 
the  taxa  have  not  previously  been  recorded  from  northern  Canada. 

Based  on  these  faunas,  fifteen  biostratigraphic  subdivisions  of  the  section  are 
recognized  including  seven  European  -  correlative  units,  two  new  subzones,  and  six 
"zone-units".  The  new  term  designates  informal,  local  biostratigraphic  intervals  that 
cannot  be  equated  with  European  zones.  These  tentative  subdivisions,  after  further 
study  in  the  region,  may  be  later  established  as  equivalent  to  European  zones,  or  be 
new  zones,  subzones  or  interregnums.  These  zone-units  are  used  mainly  to  divide  the 
Wenlockian  of  the  thesis  section. 

The  paleotectonic  interpretation  of  the  section  suggests  a  eugeosyncline  or 
open  ocean  basin  setting  in  Silurian  time. 

An  Early  Silurian  hiatus  is  recognized  which  excludes  at  least  the  Monograptus 
cyphus  Zone.  This  break  is  interpreted  as  non-deposition  on  submarine  abysall  hills 


and  may  be  related  to  the  Taconic  Orogeny. 
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INTRODUCTION 
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General  Statement 

Cursory  examination  of  graptolite -bearing  units  of  the  South  Nahanni  River 
region  by  the  Geological  Survey  of  Canada  and  by  private  oil  companies  revealed 
an  extensive  Silurian  faunal  sequence.  Of  these  sequences  identified  (in  Lenz  and 
Jackson,  1964),  the  Clearwater  Creek  section  appeared  most  complete. 

This  thesis  presents  a  detailed  faunal  analysis  of  the  Clearwater  Creek  section 
and  thus  extends  geographically  and  supplements  or  modifies  biostratigraphical ly  the 
zonation  erected  by  Jackson  and  Lenz  (1962)  for  the  Road  River  Formation  in  the 
Richardson  Mountains. 

In  addition  to  the  Clearwater  Creek  fauna,  cyrtograptids  from  the  Beaver 
River  sections  (locations  16-21,  fig.  1)  were  examined.  Also  extensive  reference 
to  previous  work  on  the  Whittaker  and  Delorme  Formations  by  the  author 
(Ether ington,  1966)  is  employed  throughout. 

Location  and  Accessibility 

The  thesis  is  based  on  two  sections  through  map-unit  5  (see  fig.  3)  in  the 
Virginia  Falls  map-area.  Northwest  Territories.  Figure  1  shows  this  location  plus 
those  sections  (Iocs.  1-21)  studied  by  Lenz  and  Jackson  (1964).  Locations  1,  3, 
and  22  have  been  previously  studied  in  detail  by  the  author  (Etherington,  1966). 
Location  23  was  sampled  by  Cameron  and  Warren  (1938).  The  position  of  the  over¬ 
all  study  area  in  the  Northwest  Territories  is  shown  on  the  index  map.  The  Virginia 
Falls  map-area  is  further  delineated  within  this  area  (see  fig.  IB). 

The  main  thesis  section  (JE-1-66)  is  exposed  along  the  west  side  of  Clear¬ 
water  Creek  about  four  miles  upstream  from  its  junction  with  the  South  Nahanni 
River.  This  junction  occurs  about  six  miles  downstream  on  the  'Nahanni'  from 
Virginia  Falls. 

A  supplementary  section  (JE-2-66)  was  taken  on  a  small  unnamed  tributary 


. 
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of  Clearwater  Creek,  This  creek  enters  from  the  west  just  above  the  prominent 
quartzite  marker  (see  aerial  views,  plate  I,  photos  18  and  19). 

Access  to  Clearwater  Creek  was  by  light  aircraft  from  Fort  Nelson,  British 
Columbia  (see  fig.  IB)  to  the  mouth  of  Clearwater  Creek  and  thence  on  foot  to 
the  section.  Other  workers  have  reached  the  same  section  by  helicopter  from  a 
base  camp  above  Virginia  Falls. 


Field  Work 

The  section  encompasses  a  well  exposed  homoclinal  succession  of  shales  and 
siltstones  striking  nearly  perpendicular  to  the  stream  and  dipping  upstream  30  to 
40  degrees  (see  plate  I).  The  section  was  divided  into  five-foot  intervals  using  a 
Jacob's  staff,  and  representative  faunal  samples  were  then  taken  on  each  side  of 
the  marker  so  as  to  give  a  continuous  faunal  record  through  475  feet  of  section. 
Limitations  on  the  size  and  extent  of  the  samples  were  imposed  by  the  time  available 
and  the  long  distance  to  the  South  Nahanni  River.  These  limitations  prevented 
sampling  of  reported  graptolites  and  trilobites  below  the  quartzite  member  referred  to 
by  Lenz  and  Jackson  (1964). 

The  thesis  section  is  on  the  opposite  side  of  the  creek  to  that  sampled  by  the 
oil  companies  (loc.  5,  fig.  1).  The  latter  gives  a  greater  thickness  of  section 
reaching  up  to  Devonian  (?)  rocks  on  a  shear  cliff  face  (see  plate  I,  photos  18  and 
19)  but  is  not  as  well  exposed  or  accessible  in  the  interval  containing  the  Lower 
and  Middle  Silurian  graptolite  zones.  The  width  and  depth  of  the  creek  as  well  as 
the  previously  mentioned  limitations  made  continuation  of  the  thesis  section  above 
475  feet  on  the  east  side  impossible. 

Previous  Work 


Cameron  and  Warren  (1938)  noted  Early  Silurian  graptolites  from  Galena 
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Creek,  a  tributary  of  Prairie  Creek  (fig.  1,  loc.  23).  Ruedemann  (1947)  identified 
this  fauna  and  discussed  it  in  a  continental  context. 

Officers  of  the  Geological  Survey  of  Canada  examined  the  immediate  area 
in  1957  during  the  geological  mapping  of  the  Virginia  Falls  map-area  as  part  of 
Operation  Mackenzie  (Douglas  and  Norris,  1960).  Their  section  through  map-unit  5 
was  situated  on  Cathedral  Mountain  (see  fig.  3)  and  they  merely  mention  the  presence 
of  Silurian  graptolites. 

Various  private  oil  companies  worked  in  this  area  in  the  late  1950's  and  early 
1960's.  Their  collections  were  identified  and  compiled  by  Lenz  and  Jackson  (1964). 
O'Bertos  and  Jackson  (1963)  published  identifications  of  the  Whittaker  Formation 
graptolite  faunas  from  the  North  Nahanni  and  English  Chief  Rivers  (see  fig.  1). 

This  was  the  first  dating  of  the  graptolite  sequence  of  the  Whittaker  Formation. 

The  author  (Etherington,  1966)  made  extensive  collections  of  Silurian  grapto¬ 
lites  from  the  Whittaker  and  Delorme  Formations  in  and  around  their  type  sections 
(fig.  1,  loc.  1,  3,  and  23). 


General  Geology 

Physiography  and  Structure  -  Figure  2  shows  the  general  physiographic 
divisions  of  the  study  area.  The  ranges  of  the  Mackenzie  Mountains  pinch  out 
southward  and  eastward  of  the  thesis  section  between  the  Liard  Plateau  and  the 
Interior  Plain. 

The  South  Nahanni  River  flows  eastward  dissecting  the  north-south  trending 
southern  ranges  in  a  series  of  spectacular  canyons  separated  by  "splits",  the  local 
name  for  the  shallow  meandering  portions  of  the  intervening  valleys.  Upstream 
from  Virginia  Falls  the  South  Nahanni  meanders  through  a  broad  glaciated  yalley. 

The  mountain  trends  reflect  the  rectilinear  to  slightly  sinuous  northeast  to 
northwest  trending  folds  and  associated  faults.  These  structures  are  presumably 
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products  of  the  Laramide  Orogeny. 

The  thesis  section  is  located  at  the  southern  extremity  of  a  structural  and 
topographic  low  called  the  Clearwater  Depression  (see  figs.  2  and  3).  Its  northern 
boundary  is  formed  by  the  Sombre  Mountains  where  east-dipping  faults  terminate  < 
with  steeply  plunging  folds  on  the  margin  of  the  depression.  In  the  Sunblood  Range, 
a  homoclinal  succession  swings  in  an  arc  to  form  the  southern  and  western  boundaries. 
An  eastward  dipping  thrust  fault  separates  the  depression  from  the  Arnica  Range. 

Stratigraphy  -  The  oldest  rocks  in  the  area  are  orange-  and  pink-weathering 
limestones  designated  as  the  Sunblood  Formation  in  the  type  section  on  Sunblood 
Mountain  (see  fig.  3).  The  age,  based  on  graptolites  and  trilobites  (Lenz  and 
Jackson,  1964),  is  considered  Arenigian  and  Caradocian.  The  upper  brilliant 
orange-coloured  limestone  may  be  easily  traced  north  into  the  North  Nahanni  and 
Root  River  areas. 

The  Sunblood  Formation  is  overlain  by  Middle  Ordovician  limestones  with 
interbeds  of  shale,  siltstone,  and  sandstone  shown  as  map-unit  3  (see  fig.  3). 

Map-unit  5,  from  which  the  thesis  material  was  collected,  consists  of  3800 
feet  of  black  shales  with  interbeds  of  black  limestone  increasing  in  proportion  in 
the  upper  part.  These  limestone  beds  along  with  overlying  dolomite  beds  are  shown 
in  plate  I,  photos  12  and  13.  Lower  Silurian  to  Lower  Devonian  faunas  are  present 
in  this  map-unit. 

The  correlation  of  these  two  map-units  (3  and  5)  with  the  Whittaker  and 
Delorme  Formations  to  the  north  is  problematical.  Figure  4  shows  the  correlation 
modified  from  Douglas  and  Norris  (1960,  1961,  and  Douglas  et  al.  1963).  The 
positioning  of  the  Devonian-Silurian  boundary  is  based  on  two  facts.  The  author 
(Etherington,  1966)  found  Lower  and  Middle  Ludlovian  graptolites  in  the  lower 
1400  feet  of  the  Delorme  Formation  in  the  Whittaker  Range.  Brachiopods  collected 
from  the  upper  1000  feet  of  the  same  section  are  considered  to  be  Lower  Devonian 
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(Lenz,  pers.  comm.,  1966).  Furthermore,  Lenz  and  Jackson  (1964)  report  Upper 
Silurian  -  Lower  Devonian  graptolites  and  brachiopods  from  the  Delorme  Formation 
(or  Delorme  equivalent)  on  Flat  River  (fig.  1,  loc.  6). 

The  thesis  section  encompasses  the  lower  463  feet  of  map-unit  5  and  the 
uppermost  12  feet  of  map-unit  3.  The  thesis  study  confirms  the  lithologic  similarity 
and  near  age  equivalence  of  this  lower  portion  of  map-unit  5  with  the  Upper 
Whittaker  of  the  type  section  (fig.  1,  loc.  3).  However,  the  abundant  thin  interbeds 
of  limestone  so  characteristic  of  this  unit  in  the  Whittaker  Range  are  absent  in  the 
Nahanni  sections,  and  the  silt  content  is  considerably  greater. 

The  Middle  Whittaker  equivalents  of  map-unit  3  consist  mainly  of  dark 
grey  limestone  with  minor  interbedded  shale,  siltstone,  and  sandstone.  Non¬ 
carbonate  elastics  are  totally  absent  from  this  interval  in  the  Whittaker  Range, 
instead,  dark  grey  dolomites  occur  with  lenses  and  nodules  of  black  chert  accounting 
for  up  to  60  per  cent  of  the  total  rock  volume  in  some  units.  Similar  dark  grey  lime¬ 
stones  directly  overlie  the  Sunblood  Formation  in  both  areas.  Lenz  and  Jackson 
(1964)  list  Upper  Ordovician  graptolites  and  triiobites  from  the  highest  portion  of 
map-unit  3  on  Clearwater  Creek. 

The  uppermost  part  of  the  thesis  section  is  the  time-equivalent  of  the  lower¬ 
most  Delorme  Formation  as  exposed  in  the  Whittaker  Range.  In  the  Whittaker  Range, 
light  brown  weathering  Whittaker  shales  sharply  abut  overlying  reddish-brown  weather¬ 
ing  dense  siltstones  of  the  Delorme  Formation.  In  contrast,  on  Clearwater  Creek 
strata  about  this  stratigraphic  position  show  increasing  proportions  of  yellowish-brown 
weathering  siltstone  and  black  argillaceous  limestone  seen  in  the  cliff  sections 
(plate  I,  photos  12,  13  and  14). 

Map-unit  5  also  includes  time-equivalent  but  lithologically  dissimilar 
"Camsell"  beds.  The  characteristic  orange-weathering  limestone  and  limestone 
breccia  is  not  developed  in  this  area.  Grey-  to  buff-weathering  limestone  occupies 
this  interval  in  the  'Nahanni'  region. 
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A  thick  sequence  of  banded*,  grey-weathering,  dolomites  occurs  in  the  north¬ 
western  corner  of  the  Virginia  Falls  map-area  and  is  designated  map-unit  14.  This 
unit  is  correlated  with  the  Sombre  Formation  (see  fig.  4)  and  is  Early  to  Middle 
Devonian  in  age. 

On  Cathedral  Mountain,2630  feet  of  banded  dolomites  lie  disconformably 
upon  map-unit  5  and  are  referred  to  as  map-unit  16.  These  beds  were  later  correlated 
by  Douglas  and  Norris  (1964)  with  the  Arnica  Formation  of  Lower  and  Middle  Devon¬ 
ian  at  First  Canyon  on  the  South  Nahanni  River  (see  fig.  4).  Two-holed  crinoid 
ossicles  collected  from  the  upper  and  m>iddle  portions  of  the  Arnica  are  considered  to 
be  Emsian  to  Eifelian  in  age  and  thus  the  Lower-Middle  Devonian  boundary  is  placed 
near  the  base  of  this  formation. 

Map-unit  18  comprises  coarsely  crystalline,  massive  dolomites  which  confor¬ 
mably  overlie  the  Arnica  beds  and  correlate  with  the  Landry  Formation  (see  fig.  4). 

The  upper  part  of  map-unit  16  and  the  entire  map-unit  18  grade  laterally 
into  recessive  weathering  argillaceous  limestones  and  shales  shown  as  map-unit  17. 

In  the  Whittaker  Range  the  equivalent  facies  is  called  the  Funeral  Formation  (see 
fig.  4). 

In  the  thesis  area,  map-unit  21  varies  from  500  feet  to  1000  feet  thick  and 
consists  of  interbedded  dark  calcareous  shale  and  black  crypto^grained,  dense  lime¬ 
stone.  This  unit  is  correlated  with  the  Fleadless  Formation  on  the  Headless  Range 
(see  fig.  4). 

Massive,  cliff-forming  limestones  of  the  Nahanni  Formation  (map-unit  22) 
overlie  and  grade  laterally  into  the  Headless  Formation.  This  unit  is  thin  in  the 
study  area  (about  200  feet  thick)  and  thickens  eastward  to  700  to  800  feet  on  the 
Nahanni  Plateau.  Although  not  always  shown  because  of  the  map  scale,  map-unit 
22  caps  map-unit  21  and  20  in  all  portions  of  the  thesis  area. 

Map-unit  20  is  used  in  regions  where  shales  and  limestones  of  units  21  and 


* 
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Fig.  4.  Correlation  of  Paleozoic  formations  in  Virginia  Falls,  Camsell  Bend, 

and  Root  River  map-areas  (modified  from  Douglas  and  Norris  1960, 
1961,  and  1963). 
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17  cannot  be  separated. 

Douglas  and  Norris  (1960)  erected  map-unit  29  as  an  ill-defined  group  of 
dark  grey  shales  equivalent  to  portions  of  map-unit  20  to  28,  30  to  32  and  possibly 
some  older  beds.  Map-unit  29  therefore  possibly  includes  rocks  of  Middle  Devonian 
to  Carboniferous  age. 


CHAPTER  II 


BIOSTRATIGRAPHY 
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General  Statement 

Graptolite  evolution  during  the  Silurian  resulted  in  a  multitude  of  shortlived 
and  geographically  widespread  species,  most  of  which  belong  to  the  genus  Mono- 
graptus.  This  phenomenon  has  made  possible  the  recognition  of  relatively  refined 
biostratigraphic  units  termed  'zones'.  Such  units  are  recognized  in  this  thesis  using 
the  basic  principles  established  by  Oppel  and  adopted  by  the  1961  Code  on  Strati¬ 
graphic  Nomenclature*  as  criteria  for  the  concurrent-range  zone. 

A  stratigraphical ly  continuous  section  on  Clearwater  Creek  was  measured  in 
as  much  detail  as  possible.  The  graptolite  material  was  examined  under  a  micro¬ 
scope  and,  using  the  literature  available,  was  assigned,  where  possible,  to  previously 
described  species  or  subspecies  from  various  parts  of  the  world.  These  identifications 
are  listed  in  Appendix  A.  The  identified  fauna  was  then  plotted  on  a  check  list 
(Table  1)  showing  graphically  the  variation  and  relative  abundance  of  each  taxon 
through  a  stratigraphic  interval.  This  information  was  then  transferred  to  a  total 
range  chart  (table  2)  showing  lines  joining  introduction  and  extinction  points  of 
each  species  or  subspecies  for  this  section.  From  this  table  of  overlapping  ranges 
unique  associations  of  graptolites  were  delineated  in  succeeding  stratigraphic 
intervals.  These  associations  are  bounded  by  levels  of  introduction  of  some  species 
and  extinction  of  the  same  or  other  species.  Although  shown  as  flat  planar  surfaces 
these  actually  represent  small  thicknesses  of  rock  of  varying  magnitude. 

Intervals  of  unique  faunal  association,  when  they  occur  in  different  sections, 
may  be  considered  approximate  equivalents  in  time  since  they  are  the  results  of 
events  in  the  evolution  of  a  group  of  organisms.  Such  sections  have  been  observed 
in  detail  in  various  parts  of  the  world  and  zones  have  been  set  up.  Two  areas  having 
abundant  and  well  preserved  Silurian  graptolites  which  have  been  intensely  studied 


*later  referred  to  simply  as  the  'Code'. 
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and  divided  into  zones  occur  in  Britain  (Elies  and  Wood,  1901-1918)  and 
Bohemia  (Munch,  1952).  Because  of  this  history  of  intensive  study,  these  areas 
and  their  zonations  have  become  "type"  areas  and  "type"  zonations.  In  my 
opinion,  most  of  these  Silurian  graptolite  zones  are  concurrent-range  zones  in 
the  sense  of  the  1961  Code,  although  usually  the  range  and  abundance  of  the 
index  species  is  emphasized. 

Berry  and  Boucot  (1967)  state  that  "If  the  faunal  associations  remain 
relatively  similar  and  their  superpositional  array  does  also,  then  one  is  permitted 
to  use  those  zones  wherever  the  unique  associations  and  their  successions  occur". 

In  shifting  to  a  distant  point,  in  this  case  to  a  different  continent,  the  faunal 
composition  may  change  and  the  unique  association  no  longer  exist.  This  would 
indicate  a  new  faunal  province.  Comparing  faunas  of  Europe  with  those  of 
northern  Canada,  the  Silurian  species,  in  the  author's  opinion,  shows  amazing 
similarity.  Thus,  a  single  faunal  province  encompasses  both  regions. 

In  an  effort  to  preserve  consistency  in  correlation  with  Europe  in  deference 
to  the  overall  similarity  of  the  fauna  yet  reveal  the  local  variation  in  ranges  and 
represent  associations  unique  to  the  region,  correlative  European  zones,  modified 
European  zones,  subzones,  and  zone-units  are  used  to  divide  the  sequence  studied. 

The  author  respects  the  1961  Code's  decision  to  recognize  three  formal  type 
of  zones.  However,  what  is  needed  in  this  study  and  in  ail  localized  studies  is  an 
informal  biostratigraphic  unit  bearing  the  same  relation  to  formal  zones  as  a  map- 
unit  does  to  a  formation  in  rock-stratigraphic  nomenclature.  The  analogy  may  be 
extended.  The  map-unit  is  a  locally  defined  interval  of  strata  based  on  homo¬ 
geneous  or  a  series  of  homogeneous  beds.  Later,  after  the  entire  region  has  been 
mapped  and  these  intervals  are  found  to  be  extensive  and  continuous,  a  type  section 
is  chosen  and  the  stratigraphic  interval  is  formally  designated  a  formation.  In 
a  similar  manner,  in  localized  studies  such  as  this  one,  certain  intervals  of  strata 
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are  recognized  that  have  a  unique  faunal  content,  yet  because  of  incompleteness 
or  introduction  of  new  forms  cannot  be  successfully  correlated  with  European 
zones.  The  author  proposes  that  these  intervals  of  unique  faunal  associations 
in  local  sections  in  sparsely  studied  regions  be  designated  informally  as  "zone- 
units".  When  the  whole  region  has  been  studied  and  these  zone-units  are  found 
to  be  laterally  extensive  and  continuous  biostratigraphic  units,  they  then  may  be 
formally  designated  as  new  zones,  or,  using  new  information,  be  correlated  with 
pre-existing  European  zones.  These  zone-units  may  be  defined  on  abundance, 
range,  or  concurrent-range  of  one  or  a  number  of  genera,  species,  or  subspecies. 

An  example  of  where  these  could  have  been  applied  is  in  Thorsteinsson's 
initial  study  of  the  Arctic  Island's  graptolitic  fauna.  The  M.  millepeda  Zone  and 
M.  bohemicus  Zone  may  have  been  better  erected  as  M.  millepeda  zone-unit  and 
M.  bohemicus  zone-unit  until  the  Arctic  area  was  thoroughly  studies. 

In  this  thesis  study,  extensive  use  of  zone-units  is  employed  to  delineate 
intervals  in  the  previously  undivided  and  sparsely  represented  Wenlock  faunas. 

Biostratigraphy  and  correlation  of  graptolite  faunas  from  Clearwater  Creek,  South 

Nahanni  River  Region,  N.W.T. 

Figure  5  shows  the  zones  set  up  for  the  thesis  section  and  their  correlation  with 
the  Bohemian,  British,  Canadian  Arctic  and  Yukon  sections.  The  Bohemian  sequence 
is  essentially  that  of  Munch  (1952)  but  has  been  modified  to  accommodate  the  findings 
of  Boucek  (1953)  (see  fig.  9)  and  Jaeger  (1959,  1964).  The  British  zones  are  those 
of  Elies  and  Wood  (1901-1918)  with  the  addition  of  Jones'  (1909)  basal  Silurian 
Glyptograptus  persculptus  Zone.  Although  more  recent  zonations  have  been  erected 
for  Great  Britain,  for  example,  that  of  Whittard,  1960  (fig.  8),  the  author  realizes 
that  there  are  many  individual  sections  in  Britain,  each  with  its  own  particular 
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fauna,  and,  in  the  author's  opinion,  the  zonation  quoted  is  the  most  comprehensive 
and  general.  In  these  diverse  British  zonations,  often  the  assemblages  are  grossly 
similar  but  the  index  species  are  chosen  on  their  abundance  in  individual  sections. 

Most  workers  in  graptolite  biostratigraphy  have  recognized  trends  of  evolution 
and  successive  groupings  of  fauna  based,  in  the  case  of  monograptids,  on  thecal  type. 
This  is  implied  in  Elies  and  Wood's  (1901-1918)  monograph  and  is  further  emphasized 
in  Elies  (1925).  Bulman  (1958)  adopted  this  approach  and  erected  successive  "faunas" 
and  "subfaunas"  (fig.  6).  Boucek  (1953)  covered  the  same  aspect  in  his  "main  features 
in  the  development  of  the  graptolite  fauna"  (fig.  6).  An  attempt  is  made  to  couch  the 
discussion  of  the  Clearwater  Creek  graptolites  in  these  terms. 

Lower  Silurian  -  Llandoverian 

The  lowest  strata  in  the  Clearwater  Creek  Section  are  assigned  to  the  zone-unit  of 
Cl imacograptus  aff.  trifilis  and  Diplograptus  modestus  n.  subsp.  X.  This  is  thought  to 
represent  Bulman 's  (1958)  Ortho-CI imacograptid  subfauna.  His  succeeding  subfauna 
of  "earliest  monograptids  with  simple  thecae  plus  diplograptids  and  Dimorphograptus" 
is  not  represented  here.  Lying  unconformably  upon  the  biserial  fauna  are  strata 
bearing  monograptids  with  triangulate,  isolate,  and  lobate  thecae  and  rare  biserials. 
This  'subfauna'  covers  the  British  equivalent  Zones  of  Monograptus  gregarius  to 
Monograptus  sedgwicki. 

The  Upper  Llandoverian  (sensu  Jackson  and  Lenz,  1962)  is  represented  by  a  new 
subfauna  of  monograptids  with  hooked  and  lobate  thecae.  This  unit  contains  the 
Zones  of  Monograptus  turriculatus,  and  Monograptus  spiralis  with  a  Subzone  of 
Stomatograptus  grandis.  The  interval  is  further  characterized  by  Retiolites  and 
Stomatograptus  and  the  upper  portion  carries  the  earliest  Cyrtograptus, 
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The  zone-unit  of  Climacograptus  aff.  trifllis  and  Diplograptus  modestus  n.  subsp.  X 


The  basal  42  feet  of  the  Clearwater  Creek  section  is  barren  but  the  succeeding 
165  feet  (JE- 1-2-66  composite  42-207  feet)  yields  a  graptolite  fauna  composed 
entirely  of  biserial  forms.  Although  a  rich  and  varied  monograptid  fauna  occurs 
directly  above  207  feet,  not  a  single  species  of  the  genus  extends  below  this  marker. 

This  faunal  break  plus  field  observations  suggest  a  hiatus  at  this  point  in  the  section. 

Figure  7  shows  the  vertical  ranges  of  the  thesis  fauna  in  the  British  and  Bohemian 
equivalent  strata  and  may  be  compared  to  the  ranges  within  the  thesis  section  (Table 
2).  Climacograptus  innotatus,  Cl .  cf.  medius,  Cl .  rectangularis,  Cl.  scalaris 
normal  is,  Orthograptus  cf.  vesiculosus  and  O.  cf.  vesiculosus  penna  range  from  the 
basal  Silurian  zones  into  the  Zone  of  M.  cyphus  and  younger  beds  in  Britain.  The 
equivalent  Bohemian  fauna  tends  to  be  more  restricted.  Climacograptus  innotatus, 

O.  vesiculosus  and  O.  cf.  vesiculosus  penna  are  confined  to  Munch's  (1952)  Zone  of 
Akidogr.  acuminatus  whereas  Cl.  innotatus  is  restricted  to  Boucek's  (1953)  less  encom¬ 
passing  Akidogr.  acimTinatus  Zone .  Climacograptus  scalaris  and  Cl.  cf.  medius  do 
range  into  the  Zone  of  M.  cyphus  in  Bohemia  (Munch  1952)  although  Boucek  (1953 
reports  the  highest  occurrences  of  M.  medius  in  his  Zone  of  O .  vesiculosus. 

Forms  identified  as  Gl.  incertus,  which  are  very  abundant  in  the  lowest  beds  in 
the  thesis  section,  are  restricted  to  the  Zones  of  M_.  convolutus  to  M.  sedgwicki  in 
Britain.  Glyptograptus  tamariscus  tamariscus,  although  confined  to  the  interval 
bounded  by  the  Zones  of  M.  cyphus  and  the  Band  of  Rastrites  maximus  in  Britain, 
extends  into  the  Bohemian  0_.  vesiculosus  Zone  (Boucek,  1953).  Jackson  and  Lenz 
(1962),  and  Davies  (1966)  list  Gl.  tamariscus  forms  in  the  Zone  of  D.  modestus 
(sensu  Jackson  and  Lenz,  1962). 

h 


One  questionable  example  of  Climacograptus  cf .  tornquisti  ((Raphidograptus 
cf.  tornquisti  (Elies  and  Wood))  in  Moore,  1955)  was  found  in  the  basal  beds  of  the 
Clearwater  Creek  section.  This  species  is  found  as  low  as  Boucek's  (1953)  O. 
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.Bohemia  Britain 

Hunch,  1952  and  Boucek, (Elles)and  Wood  1901-1918 
1953).  and  Whittard,  1960) 
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Fig.  7.  Ranges  of  Clearwater  Creek  equivalent  species  in  the  British  and  Bohemian  sequences. 
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vesiculosus  Zone  in  Bohemia  but  in  Britain  characterizes  zones  from  M.  cyphus  to  the 
Band  of  Cephalogr .  cometa .  This  is  the  only  species  found  in  the  thesis  material  that 
suggests  any  tendency  towards  dimorphism. 

Two  new  and  characteristic  forms  are  present  in  this  interval  of  the  study 
section,  namely  CL  aff.  trifilis  and  D.  modestus  n.  subsp.  X. 

Cl  imacograptus  aff.  trifilis  is  closely  allied  to  the  Bohemian  form;  Cl.  trifilis 
is  confined  to  Boucek's  (1953)  basal  Silurian  Zone  of  Akidogr.  ascensus.  Thorsteinsson 
(1958)  lists  M.  cf .  tr  if  i  I  is  and  Glyptograptus  n.  sp.  B,  aff.  Cl.  trifilis  associated  with 
D.  modestus  in  basal  Silurian  beds  of  the  Cape  Phillips  Formation  which  he  assigns  to 
the  M.  cyphus  Zone.  It  is  not  known  how  these  forms  compare  with  the  Clearwater 
Creek  species.  Further,  Thorsteinsson 's  zone  is  based  on  a  group  of  scattered  concret¬ 
ions  and  the  exact  immediate  association  within  these  concretions  is  not  known. 

Diplograptus  modestus  n.  subsp.  X  may  be  confined  to  the  range  of  D.  modestus, 
that  is,  from  the  Zone  of  Akidogr.  ascensus  to  O.  vesiculosus  (Boucek,  1953) (extended 
to  the  Zone  of_M.  convolutus  in  Munch,  1952).  Diplograptus  modestus  ranges  from  the 
lowest  Silurian  strata  to  the  Subzone  of  M.  triangulatus  in  Britain  (Whittard,  1960). 
Jackson  and  Lenz  (1962)  set  up  a  Zone  of  D.  modestus  based  on  the  index  species  and 
the  associated  fauna  of  O.  cf.  truncatus  abbreviatus  and  Gl.  tamariscus  var.  Davies 
(1966)  recognizes  an  equivalent  zone  with  M.  cf.  medius  also  present.  This  zone  is 
probably  the  equivalent  of  the  considered  interval  in  the  Clearwater  Creek  section. 

Although  Cl.  scalaris  normalis.  Cl.  innotatus,  and  O.  ex  gr.  truncatus  are 
known  to  extend  into  Ordovician  strata,  the  total  absence  of  Dicellograptus  may 
indicate  that  this  interval  is  entirely  of  Silurian  age. 

The  total  fauna  correlates  very  well  with  the  Akidogr.  acuminatus  Zone  of 
Britain  with  the  exception  that dimorphograptids  are  totally  lacking  from  the  thesis 
section.  Indeed,  these  forms  have  never  been  recorded  from  northern  Canada. 
Thorsteinsson  (1958),  however,  reports  two  new  Dimorphigraptidae  from  the  Arctic 
but  gives  no  descriptions. 


* 
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The  species  of  Glyptograptus  and  Cl imacograptus  are  difficult  to  recognize 

and  certainly  the  identifications  given  may  be  subject  to  revision.  However;no  forms 

close  to  Gl.  persculptus  have  been  found  here  or  anywhere  in  Canada.  This  is  an 

elusive  form  in  many  British  sections  and  it  is  possible  that  the  listed  biserials  may 

indeed  represent* the  basal  Silurian  beds  of  northern  Canada. 

* 

Certain  elements  of  the  Clearwater  Creek  fauna,  especially  O.  cf.  vesiculosus 
and  O.  cf.  vesiculosus  penna  indicates  an  upper  range  for  this  interval  equivalent  to 
Elies  and  Wood's  (1901-1918)  Zone  of  D.  modestus  and  O.  vesiculosus.  The  mono- 
graptid  portion  of  this  horizon,  emphasized  by  Whittard's  (1960)  zonation  (fig.  8), 
is  not  represented.  Indeed,  M.  atavus  and  M.  acinaces  have  not  been  recorded  in 
northern  Canada  with  the  exception  of  Jackson  and  Lenz's  (1962)  questionable  M. 
acinaces?  in  their  M.  c yphus  Zone. 

Lenz  and  Jackson  (1964)  report  the  Upper  Caradocian  (?)  form  ?  O.  quadri- 
mucronatus  from  their  section  immediately  across  the  creek  from  the  thesis  section. 

This  species  occurs  in  limestone  beds  correlative  with  strata  >22  feet  below  the  first 
graptolite  in  the  thesis  section.  Those  authors  further  list  the  non-diagnostic  biserials. 
Cl.  cf.  rectangu laris  and  Cl.  cf.  innotatus  associated  with  and  immediately  above  their 
find. 

Thus  the  Ordovician-Silurian  boundary  is  considered  to  fall  within  this  122 
foot  interval.  The  continuity  of  the  interval  may  be  questioned  due  to  the  limestone 
to  quartzite  to  shale  changes  in  lithology. 

It  is  tentatively  postulated  that  the  lowermost  Silurian  strata  of  northern 
Canada^  consist  of  Orthograptus,  Cl  imacograptus,  and  Glyptograptus  which  continue 
through  from  Dicel lograptus  -  bearing  beds  of  Uppermost  Ordovician,  The  dimorpho- 


1  In  this  thesis,  northern  Canada  is  used  in  the  sense  of  the  Yukon,  Northwest 
Territories  and  northern  British  Columbia.  This  excludes  the  Arctic  Islands. 
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Zonation  of  Elies  and  Wood 
(1901-1918) 


Zonation  of  Whittard  (1960) 


>- 

O' 

LU 

> 

o 

Q 

M.  turriculatus 

M.  turriculatus 

Band  of  Rastrites  maximus 

Rastrites  maximus 

z 

-J 

M.  halli 

LU 

o_ 

a. 

=> 

M.  sedgwicki 

M.  sedgwicki 

>• 

Band  of  Cephalogr.  cometa 

Cephalogr.  cometa 

Ctl 

LU 

> 

o 

o 

M.  convolutus 

M.  convolutus 

z 

< 

CXL 

Z) 

z 

_l 

LU 
_ 1 

O 

M.  gregarius 

Subzone  M.  argenteus 

M.  leptotheca 

_ 1 

on 

oc 

LU 

> 

Subzone  M.  triangulatus 

D.  magnus 

> 

o 
_ 1 

Subzone  M.  fimbriatus 

M.  triangulatus 

> 

O' 

M.  cyphus 

M.  cyphus 

LU 

> 

O 

o 

z 

_l 

D.  modestus  and 

M.  acinaces 

O.  vesiculosus 

M.  atavus 

LU 

£ 

o 

-J 

Akidogr.  acuminatus 

Akidogr.  acuminatus 

Gl.  persulptus 

A 

ORD. 

Figure  8.  Comparison  of  zonations  in  Lower  Silurian  of  Britain. 


23 


graptids  may  not  occur  in  northern  Canada.  The  new  forms_CI.  aff.  trifilis  and  D. 
modestus  n.  subsp.  X  may  be  useful  in  defining  the  basal  Silurian  beds  in  this  region 
and  would  be  more  descriptive  of  the  zone  than  Jackson  and  Lenz's  (1962)  index 
species,  D.  modestus. 

Zones  of  Monograptus  gregarius  to  Monograptus  sedgwicki 

The  interval  207-215  in  the  Clearwater  Creek  section  is  characterized  by  an 
extremely  varied  graptolite  fauna  represented  in  only  three  samples.  When  compared 
to  the  European  sequences,  the  fauna  bears  similarities  to  a  group  of  zones  in  the 
upper  Lower  and  lower  Upper  Llandoverian,  but  is  not  solely  characteristic  of  any 
one  zone. 

In  Britain,  the  Clearwater  Creek  species  M.  fimbriatus,  M.  millepeda,  and  M. 
cf.  triangulatus  are  confined  to  the  Zone  of_M.  gregarius.  In  Bohemia,  Munch  (1952) 
lists  M.  millepeda  from  the  Subzone  ofCephalogr.  cometa,  and  Boucek  (1953) 
indicates  a  band  of_M.  millepeda  at  the  base  of  the_M.  convolutus  Zone.  Monograptus 
triangulatus  is  confined  to  Boucek's  (1953)  Zone  of  Demirastrites  pectinatus.  Cl ima- 
cograptus  rectangu laris  is  found  as  high  as  the  Zone  of  M.  convolutus.  Monograptus  cf. 
ha lli,  M.  nudus,  M.  runcinatus,  M.  sedgwicki,  M.  tortil is Rastrites  maximus? 
and  Div.  cf.  ramosus  are  from  the  Zone  of  M.  sedgwicki  or  younger.  Ranging 
throughout  the  three  zones  (M.  gregarius,  M.  convolutus  and  M.  sedgwicki)  are 
the  Clearwater  Creek  forms  Cl .  scalaris,  Gl .  incertus,  Gl.  serratus?,  Gl . 
tamariscus,  M.  cf.  clingani,  M.  cf.  decipiens,  M.  intermedius,  M.  cf.  jaculum, 

M.  leptotheca,  Petalograptus  palmeus,  P.  palmeus  tenuis,  Rastr.  cf.  hybridus, 
and  Rastr.  cf.  peregrinus. 

A  similar  fauna  to  that  listed  above  is  found  in  the  Bohemian  sections 
(Munch,  1952;  and  Boucek,  1953)  and  ranges  from  their  Zones  of  Rastrites 
linnaei  to  Dem.  pectinatus  although  individual  species  have  slightly  different 
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ranges.  Monograptus  runcinatus  is  reported  from  M.  turriculatus  Zone  (Boucek, 

1953)  but  has  not  been  found  below  this  zone  in  Bohemia. 

Monograptus  marri,  M.  spiral is/  M.  turriculatus  and_M.  ex  gr.  vomerinus 
belong  to  the  Zone  of  M.  turriculatus  and  younger  zones  in  Britain.  Their  presence 
in  this  interval  may  indicate  a  slightly  lower  range  in  northern  Canada  or  could  be  a 
result  of  intermixing  of  faunas  due  to  the  five  foot  sampling  interval. 

?Amplexograptus  sp.  is  usually  considered  an  Ordovician  form.  Monograptus 
n.  sp._M.  is  the  first  occurrence  of  a  monograptid  with  climacograptid  type  thecae 
in  th  is  horizon.  It  has  no  allied  representative  in  European  sections.  So  it  must  take 
its  age  from  its  associated  fauna  in  the  Clearwater  Creek  section. 

Of  the  sections  examined  so  far  in  northern  Canada  and  the  Arctic  Islands, 
Clearwater  Creek  is  the  first  to  yield  the  index  species  M.  sedgwicki.  Many  of  its 
associated  forms  from  this  interval  are  first  occurrences  in  this  area  also. 

Monograptus  convolutus  has  never  been  identified  in  northern  Canada  or  the 
Arctic  Islands  to  the  satisfaction  of  the  author.  Dr.  D.E.  Jackson  (pers.  comm., 
1967)  has  examined  Ruedemann's  form  from  Galena  Creek  (in  Cameron  and  Warren, 
1938)  (also  examined  by  the  author)  as  well  as  the  reported  "convolutus"  from  Cannon 
Creek  (Jackson  and  Lenz,  1962)  and  indicates  that  both  identifications  are  very 
questionable  and  both  specimens  would  be  better  assigned  to  M.  spiralis.  Further, 

Dr.  Jackson  and  the  author  agree  that  all  those  forms  assigned  to  M.  convolutus 
coppingeri  are  probably  M.  spiralis.. 

The  lack  of  the  European  index  species,  _M.  convolutus,  led  Thorsteinsson 
(1958)  to  tentatively  choose  M.  millepeda  as  an  index  fossil  for  this  zone  in  the 
Cape  Philips  Formation.  Thorsteinsson 's  fauna  does  in  fact  correlate  most  closely 
with  Munch's  (1952)  Zone  of  M_.  convolutus.  Jackson  and  Lenz  (1962)  use 
Thorsteinsson 's  Zone  of  M.  mil lepeda  in  an  incorrect  sense.  They  mistakenly  stated 
that  M.  mil  lepeda  was  confined  to  the  Zones  of_M.  pectinatus  and  M.  triangulatus 
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and  further  stated  that:  "In  the  absence  of  these  European  index  fossils  we  follow 
Thorsteinsson  (1958,  p.  56)  in  the  selection  of  M.  mil lepeda  as  the  index  fossil 
for  the  M.  gregarius  Zone  in  northern  Canada".  Also  they  reposition  Thorsteinsson "s 
M.  mil  lepeda  Zone  in  their  chart  from  equivalence  with  the  M.  convolutus  Zone 
to  equivalence  with  the_M.  gregarius  Zone  of  Britain.  When  one  considers  that 
M.  mil  lepeda  in  Britain  is  actually  confined  to  the  M.  gregarius  Zone  their  confusion 
is  understandable. 

Hence,  this  author  advises  that  the  M.  mi  I  lepeda  Zone  be  dropped  from  the 
literature  for  this  area  and  the  zonation  of  the  northern  Canada  graptolites  be  given 
in  terms  of  the  British  or  Bohemian  'type'  zones  until  such  time  as  the  region  yields  a 
significantly  unique  fauna  to  do  otherwise. 

The  Clearwater  Creek  fauna  between  207  and  275  feet  is  then  defined  as 
equivalent  to  Elies  and  Wood's  (1901-1918)  Zones  of  M.  gregarius  to  M.  sedgwicki. 
Whether  using  M.  fimbriatus  Subzone  or  M.  triangulatus  Zone  (Whittard,  1960) 

(see  fig.  9)  there  are  representatives  of  the  assemblage  directly  above  the  jM.  cyphus 
Zone  in  the  thesis  section. 

A  stratigraphic  hiatus  excludes  at  least  the  M.  cyphus  Zone  and  possibly 
older  beds  from  the  Clearwater  Creek  section. 

The  M.  halli  Zone  of  Whittard  (1960)  (see  fig.  9)  may  be  represented  by  the 
basal  portion  of  sample  215  (see  Appendix  A)  but  is  grouped  with  M.  turriculatus 
Zone  in  this  section. 

The  Rastrites  maximus  Zone  (or  Rastrites  I  innaei  Zone)  has  not  been  recog¬ 
nized  in  northern  Canada  and  is  not  defined  in  the  thesis  section. 

Zone  of  Monograptus  turriculatus 

Monograptus  cf.  turriculatus  and_M.  turriculatus  minor  occur  from  215  to 
slightly  above  230  feet  in  the  Clearwater  Creek  section. 
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The  215  foot  sample,  or  strata  slightly  below  this,  is  the  extinction  point  in 
this  section  for  ?CI imacograptus  sp.,  M.  clingani,  M.  decipiens ?,  M.  fimbriatus, 
M.  intermedius,  M.  leptotheca,  M.  millepeda  and  P.  palmeus.  All  these  forms 
are  from  the  M.  sedgwicki  Zone  or  older  strata  in  the  British  successions. 

The  oldest  M.  cf.  turriculatus  minor  is  found  in  the  adjacent  Zones  of  M. 
gregarius  to  M.  sedgwicki .  While  the  broad  sampling  interval  could  effect  mixing 
of  fauna,  the  index  species  is  also  recorded  from  older  beds  in  Bohemia.  Similarly, 
M.  sedgwicki  may  have  a  slightly  younger  range  in  northern  Canada  sections.  The 
presence  of  M.  cf.  ha  I  li  could  suggest  an  equivalent  of  Jones'  (1906)  M.  halli 
Zone  in  the  lowest  beds  here  assigned  to  M.  turriculatus  Zone. 

Associated  with  the  index  species  and  continuing  into  younger  zones  is  M. 
pandus.  Monograptus  marr?  and  ML  nudus  first  occur  in  the  preceding  zones  and 
range  through  the_M.  turriculatus  Zone  into  the  overlying_M.  spiral  is  Zone. 

Monograptus  cf.  concinnus,  M.  flagel  laris,  M.  cf.  ha  I  li,  M.  nodifer  and 
Rastr.  longispinus?  are  confined  to  this  zone  in  the  Clearwater  Creek  section.  Of 
these,  M.  cf.  concinnus,  and  Rastr.  longispinus?  are  listed  only  from  the  M. 
sedgwicki  Zone  or  older  zones  in  Britain. 

While  M.  runcinatus  is  present  in  the  M.  turriculatus  Zone  its  presence 
in  the  preceding  zones  precludes  any  correlation  with  Munch's  (1952)  Subzone 
of  M.  runcinatus. 

Coincident  with  the  extinction  of  M_.  cf.  turriculatus  is  the  introduction  of 
M.  spiralis  in  abundance. 

The  total  fauna  is  compatible  with  the  European  Zone  of  M.  turriculatus. 

Zone  of  Monograptus  spiralis  with  Subzone  of  Stomatograptus  grandis 

Monograptus  spiralis  is  the  dominant  species  throughout  65  feet  of  the  Clear¬ 
water  Creek  section  (230-295).  The  abundance  of  the  index  species,  besides  being 
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obvious  from  the  identification  list  (Appendix  A)  is  shown  quite  well  in  plate  II, 
fig.  1,  taken  from  a  talus  slab  at  245  feet. 

Table  2  shows  the  unique  association  of  fauna  which  has  come  to  be  known 
in  North  America  as  the  M.  spiral  is  Zone.  The  index  species  has  differing  ranges 
in  Bohemia,  Britain,  and  northern  Canada.  Elies  and  Wood  (1901-1918)  record 
the  form  as  ranging  from  the  Zone  of  M.  turriculatus  to  the  Zone  of  M.  crenulatus 
(their  uppermost  Llandoverian  zone).  Munch  (1952)  lists  M.  spiralis  ranging  discon- 
tinuously  from  the  Zone  of  Rastr.  I  innaei  to  the  Zone  of  M.  spiral  is  in  Bohemia. 
Thorsteinsson  (1958)  states  that  M.  spiralis  is  confined  to  beds  below  this  zone  of 
Cyrtograptus  n.  sp.  A.  and  Stom.  grandis  and  above  the  Zone  of  M.  turriculatus 
in  the  Arctic  Islands.  Jackson  and  Lenz  (1962)  give  a  similar  range  to  the  species 
although  a  specimen  of_M.  cf.  spiralis  is  recorded  in  their  Zone  of  M.  turriculatus. 
There  is  no  published  account  of  Stom.  grandis  Zone  in  the  Road  River  Formation, 
instead,  the  M.  spiralis  Zone  directly  underlies  the  Zone  of_C.  cf.  murchisoni. 

In  the  thesis  section  and  in  the  Delorme  Range  (Etherington,  1966),  M. 
spiralis  ranges  from  the  top  of  the  M.  turriculatus  Zone  to  what  is  considered  the 
top  of  the  Llandoverian,  that  is,  the  last  occurrence  of  Stom.  grandis  (and  slightly 
higher  in  the  Delorme  Range).  It  is  noted  that  Stom.  grandis  major  is  present  in 
Munch's  (1952)  Zone  of  C.  centrifugus.  Since  the  European  basal  Wenlockian 
cyrtograptids  have  not  been  recorded  with  certainty  in  northern  Canada  the  poss¬ 
ibility  of  M.  spiral  is  ranging  into  the  Wenlockian  beds  still  exists.  In  any  case, 

M.  spiralis  has  significantly  higher  range  in  northern  Canada  than  in  the  Arctic 
Islands,  Britain,  or  Bohemia.  Because  of  the  persistence  of  the  index  species 
along  with  its  associated  fauna  through  beds  bearing  Stom.  grandis  in  the  Clear¬ 
water  Creek  and  Delorme  Range  sections,  the_M.  spiral  is  Zone  is  extended  to  the 
base  of  the  Wenlockian  and  the  Zone  of  Stom.  grandis  is  modified  to  a  subzone 


representing  highest  Llandoverian  strata. 


:>  • 


29 


The  base  of  the  M.  spiralis  Zone  is  drawn  at  the  last  occurrence  of  M. 
turriculatus  and  the  first  in  situ  occurrence  of  the  index  species.  Persisting  from 
lower  beds  well  into  the  M.  spiralis  Zone  are  M.  marri,  M,  nudus,  M.  £andus, 
and  M.  runcinatus.  Confined  to  the  Zone  of  M.  spiralis  in  this  section  are  M.  acus/ 

M.  communis  ?,  M.  dextrorsus,  M.  cf._fa]x,  galaensls,  M.  griestoniensis, 

linnarssoni/  M.  minimus?,  M.  aff.  runcinatus,  M.  sartorius,  M.  sgmujosus, 

M.  spiralis,  M.  cf .  undulatus,  M.  aff.  variabilis,  M.  vomerinus  bas?licus/  M. 

vomerinus  crenujatus,  Monograptus  sp.  E,  Retiolites  geinjtzjanus,  R.  geinitzianus 
angustidens,  and  Stom.  grandis. 

Cyrtograptus  canadensis,  C.  lapworthi  and  ?Div.  (?)  pergracilis  arise  within 
the  upper  part  of  the  M.  spiralis  Zone  and  continue  through  to  younger  beds  forming 
a  fringe  area  between  the  M.  spiralis  and  M.  riccartonensis  Zones.  This  is  designated 
in  the  thesis  section  as  the  overlying  zone-unit  of  C. canadensis  and  C.  lapworthi. 

Monograptus  capillaceus,  M.  cf .  dubius,  M.  flemingii,  M.  priodon,  M. 
riccartonensis,  M.  aff.  scanicus,  and  M.  vomerinus  begin  within  the_M.  spiralis  Zone 
and  extend  into  Wenlockian  beds. 

Elies  and  Wood  (1901-1918)  were  able  to  set  up  the  Zones  of  M.  crenujatus, 
M,  grjg$tQnjer|S)S,  gnd_M*  crlspus  (see  figs.  5,  8)  in  the  middle  and  lower  part  of 
th§  §qyiygl§nt  fntervgl  jn  |r|tain.  Such  subdivisions  seem  unwarranted  in  this 
§§§tl@n, 

Mono grgptys  crispus  is  not  found  in  the  thesis  section.  The  total  associated 
fauna,  while  gdeqygtely  represented,  is  not  definitive  enough  to  divide  this  unit. 

The  m©r§  diagnostic  forms  such  as  M;_e*jgyys  end  C*  grayae  are  not  present  in  this 

section, 

Mpnegraptys  grlestenlensls  1$  quit©  ©bundent  end  confined  in  this  seetlen, 
but  es  Th©rstelnss©n  (1951)  f©und,  its  position  must  be  signlfleently  younger  then  in 
Irlteln  since  It  Is  essoeleted  with  Stem,  grandis,  Stroehen  (1960)  comments  thet 
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M.  griestoniensis  is  an  unfortunate  choice  of  an  index  species  as  the  stratigraphical 
relationship  in  Nicol's  original  locality  is  unknown. 

Illustrative  of  the  composite  nature  of  Elies  and  Wood's  (1901-1918)  zonation 
is  the  fact  that  the  Zones  of  M.  griestoniensis  and _M.  crenulatus  are  not  present  in 
the  Lake  District  and  questionably  present  in  many  other  British  sections  (Strachan, 
1960).  It  would  then  indeed  seem  fortuitous  to  recognize  their  zones  in  northern 
Canada . 

Monograptus  vomerinus  crenulatus  is  difficult  to  separate  from_M.  vomerinus 
ss.  and  often  these  two  are  included  under  M.  ex  gr.  vomerinus.  Again  the  associated 
fauna  listed  in  the  British  Zone  is  partly  present  in  the  Clearwater  Creek  section  but 
not  diagnostic  of  any  particular  horizon. 

Similarly,  in  Bohemia,  Munch  (1952)  (fig.  4  of  this  thesis  and  Boucek  (1953) 
(fig.  9)  subdivide  this  M.  spiral  is  Zone  interval.  Many  of  the  index  fossils  used  (e.g. 
M.  probosciformis,  Monoclimacis  gein itzi,  etc)  are  not  present  in  northern  Canada 
sections.  Monograptus  sartorius  is  the  Bohemian  form  diagnostic  of  the  upper  portion 
of  Boucek 's  (1953)  M.  spiralis  Zone  herein  recorded  in  northern  Canada  for  the  first 
time. 

The  Subzone  of  Stom .  grandis  in  Clearwater  Creek  is  confined  to  the  total 
range  of  the  index  species  (270-295) .  Stomatograpfus  is  quite  common  in  the  upper 
part  of  the  M.  spiral  is  Zone  associated  with  faunas  typical  of  the  zone;  Cyrtograptus 
canadensis  n.  sp.  and  C.  lapworfhl  arise  in  this  upper  portion  and  may  be  further 
diagnostic  of  the  subzone. 

Although  not  considered  an  abundant  form  in  northern  Canada,  Stom.  grandis 
is  also  reported  in  great  abundance  in  the  Delorme  Range  (Etherington,  1966).  In 
that  section,  Stom.  grandis  major  is  abundant  through  a  120  foot  interval  associated 
with  M.  priodon  and  M.  spiral  is.  Stomatograptus  sp.  extends  175  feet  below  this 
level  throughout  a  poorly  defined  Zone  of  M.  spiralis  with  the  same  associated 
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fauna,  terminating  at  the  top  of  the  M_.  turricu lafrus  Zone.  Although  not  found  in  the 
Road  River  section  by  Jackson  and  Lenz  (1962),  the  presence  of  the  Stom.  grandis 
Zone  was  suspected  to  exist  in  the  Beaver  River  sections  by  these  workers  (loc.  21, 
fig.  1,  Lenz  and  Jackson,  1964).  Thorsteinsson  (1958)  found  Stom.  grandis  in  the 
Cape  Phillips  Formation  associated  with  C.  Solaris,  C.  lapworthi,  and  Cyrtograptus 
n.  sp.  A.  Ruedemann's  (1938)  holotype  of  Retiolites  geinitzianus  maximus  was 
examined  by  the  author  and  may  be  better  referred  to  the  species  Stom.  grandis  on 
the  basis  of  solid  interthecal  extremities. 

Boucek  (pers.  comm.,  1967)  agrees  with  the  author  that  the  Llandovery- 
Wenlock  boundary  is  not  marked  by  an  abrupt  change  in  the  faunas.  Although  it 
would  be  convenient  to  use  the  last  Stom.  grandis  as  the  criterion  for  the  highest 
Llandoverian,  Munch  (1952)  records  this  species  associated  with  the  Wenlockian 
form  C.  centrifugus.  Indications  of  a  Wenlockain  aspect  of  the  uppermost  Clearwater 
Creek  Stom.  grandis  and  M.  spiralis  beds  are  given  by  associated  M.  capillaceus, 

M.  cf.  dubius,  M.  cf.  flemingii,  M.  riccartonensis,  M.  vomerinus  and  M.  vomerinus 
basilicus.  M.  vomerinus  is,  however,  represented  in  Uppermost  Llandoverian  beds 
in  Bohemia  (Boucek,  1953). 

It  is  the  author's  opinion  that  careful  discrimination  of  Retiol ites  from  Stom- 
atograptus  will  show  many  sections  to  contain  uppermost  Llandoverian  faunas  in 
northern  Canada . 

MIDDLE  SILURIAN-WENLOCKIAN 

Workers  in  northern  Canada  have  been  continually  disappointed  in  their 
attempts  to  find  an  abundant  and  diverse  Wenlockian  graptolitic  fauna.  Although 
the  Zone  of  M.  testis  is  recorded  from  most  sections,  the  underlying  beds,  so 
prolific  in  cyrtograptids  in  Britain  and  Bohemia,  yields  a  monotonous  monograptid 
fauna  with  only  sparse,  poorly  preserved  cyrtograptid  fragments. 
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Jackson  (1966)  comments  on  this  and  notes  a  parallel  situation  in  Australia 
and  China.  He  further  emphasises  that  the  Wenlockian  is  characteristically  only  two 
to  three  hundred  feet  thick  in  the  northern  Canada  eugeosyncl inal  belt  as  compared 
to  greater  than  one  thousand  in  Britain.  This  thinness  of  the  Wenlockian  must  be 
due  to  a  condensed  section  as  no  stratigraphic  breaks  have  been  recorded  from  this 
interval  (see  Biostratigraphy  and  Depositional  History  for  further  comments). 

The  success  of  Thorsteinsson  (1958)  in  obtaining  such  a  diverse  fauna  from  the 
Arctic  Islands  section  is  probably  explained  by  the  greater  thickness  of  the  Wenlockian 
(385  feet).  It  has  long  been  thought  that  more  detailed  sampling  would  reveal  a 
similar  fauna  in  northern  Canada. 

Such  seems  to  be  the  case.  The  Clearwater  Creek  section  is  probably  sampled 
in  the  greatest  detail  of  any  Cordilleran  graptolitic  section  in  Canada.  Even  the  five 
foot  sample  units  employed  here  are  too  large.  Evidence  for  this  is  the  sparse  but  diverse 
faunas  collected.  The  British  and  Bohemian  index  cyrtograptids  appear  to  be  present 
but  they  are  rare  and  poorly  preserved.  The  large  numbers  of  cyrtograptid  fragments 
(see  ?Cyrtograptus  sp.  in  Appendix  A)  certainly  indicates  that  large  numbers  of 
cyrtograptids  are  present. 

It  is  also  possible  that,  as  other  have  suggested  (Lenz  and  Jackson,  1964), 
Llandoverian  and  Wenlockian  faunas  merge  about  the  boundary  and  the  lowermost 
European  Wenlockian  cyrtograptids  are  not  represented  in  this  area.  Forms  such  as 
C.  insectus  and  C.  Solaris  may  be  represented  by  the  closely  allied  form  C.  canadensis 
n.  sp. 

In  any  case,  a  unique  subfauna  of  cyrtograptids  and  hooked  monograptids 
is  present  in  the  Clearwater  Creek  section.  The  fine  subdivision  of  the  series  may 
not  seem  to  be  based  on  strong  evidence  but  should  be  thought  of  as  an  indication 
of  divisions  possible  with  finer  sampling. 
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The  Zone-unit  of  Cyrtograptus  canadensis  n.  sp.  and  Cyrtograptus  lapworthi 

This  portion  of  the  study  section  (295-305)  could  be  considered  an  interregnum 
between  the  Zones  of  M.  spiral  is  and  M.  riccartonensis.  Because  of  the  presence  of 
M.  capil  laceus,  M.  dubius,  M.  riccartonensis  and  M.  vomerinus  gracilis,  this 
interval  is  considered  Wenlockian  in  age. 

Retiolites  geinitzianus  and  R.  geinitzianus  angustidens  are  known  to  range  into 
basal  European  Wenlockian  beds  but  ?Diversograptus  (?)  pergracilis  is  confined  to  the 
Upper  Llandoverian  in  European  sections. 

Lenz  and  Jackson  (1964)  list  aff.  multiramis  from  Lower  Wenlockian  beds 
in  their  Clearwater  Creek  section.  Re-examination  of  this  form  show  it  to  be,  in  fact, 
C.  canadensis  n .  sp. 

Cyrtograptus  lapworthi  is  confined  to  Llandoverian  strata  in  Bohemia  (Boucek, 
1933,  1953),  its  uppermost  range  being  into  the  Zone  of  Stom.  grandis.  In  the  thesis 
section,  this  species  plus  the  new  species  C.  canadensis  extend  into  beds  associated 
with  the  Wenlockian  fauna  listed  above.  Cyrtograptus  canadensis  n.  sp.  is  closely 
allied  to  Boucek's  (1953)  C.  insectus  found  only  in  the  basal  Wenlockian  in  Europe. 

Cyrtograptus  murchisoni,  to  date,  has  not  been  identified  with  certainty  from 
northern  Canada.  It  has  been  recorded,  but  not  figured,  from  one  location  in  the 
Arctic  Islands  (Thorsteinsson,  1958).  Strachan  (1960)  indicates  that  the  true  C. 
murchisoni  with  curved  primary  and  secondary  branches  in  unknown  outside  of  the 
type  locality.  More  common  basal  Wenlockian  forms  even  in  Britain  are  the  Bohemian 
species  C.  centrifugus  and  C.  insectus.  These  forms  are  not  known  from  northern 
Canada.  Strachan  further  states  that  "the  basal  Wenlockian  can  be  recognized  by 
the  occurrence  of  stout  cyrtograptids  with  a  proximal  spiral  of  more  than  360  degrees 
even  though  the  number  of  branches  may  be  small  or  large".  These  criteria  are  filled 
by  C.  canadensis.  The  associated  fauna  compares  favourably  with  that  of  the  British 
and  Bohemian  basal  Wenlockian  zones.  Thus  until  such  time  as  the  typical  European 
forms  are  found,  the  uppermost  occurrences  of  C.  canadensis  and  C.  lapworthi  may 
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by  used  to  represent  basal  Wenlockian  in  northern  Canada. 

Zone  of  Monograptus  riccartonensis  (310-315) 

The  index  species,  M.  riccartonensis,  in  the  Clearwater  Creek  section, 
ranges  from  the  highest  beds  of  the  M.  spiral  is  Zone  to  the  first  occurrence  of  M.  cf. 
mancki  in  strata  equivalent  to  the  British  Zone  of_C_.  el lesi .  Although  rare  examples 
of  the  species  have  been  found  in  the  lowest  Wenlockian  beds  of  Britain,  the  assoc¬ 
iation  with  C_.  rigidus ?, C .  cf.  mancki,  M.  f lemingi?  and  M.  cf.  jaekel i  is  unprec¬ 
edented.  In  fact,  _M.  riccarton ensis  is  usually  found  in  exclusion  of  all  other  forms 
in  British  sections,  thus  defining  its  zone. 

The  association  of  M_.  capil laceus  is  characteristic  of  this  zone  in  Britain. 
Although  found  associated  with  M.  spiralis  in  lower  beds  of  the  Clearwater  Creek 
section,  this  species  may  still  be  useful  in  defining  the_M.  riccartonensis  Zone  of  this 
level.  The  remaining  associated  fauna  is  C.  rigidus?,  M.  dubius,  M.  cf.  flemingii, 
M.  priodon,  M.  vomerinus,  and_M.  vomerinus  gracilis.  Accepting  the  questionable 
identification  of  C.  rigidus?,  this  would  extend  the  range  of  the  species  into  the  M. 
riccartonensis  Zone  in  northern  Canada.  A  possible  precedent  for  this  is  found  in 
beds  bearing  C.  rigidus,  M.  dubius,  M.  riccartonensis,  and  M.  vomerinus  in 
Thorsteinsson 's  (1958)  Arctic  sections.  He  assigns  this  fauna  to  a  boundary  position 
between  the  M.  riccartonensis  and  C.  rigidus  Zone. 

While  the  European  M.  riccartonensis  Zone  is  not  clearly  developed  in 
northern  Canada,  its  presence  is  strongly  indicated. 

The  zone-unit  of  Cyrtograptus  rigidus? 

Sample  intervals  320  and  325  are  assigned  to  the  local  zone-unit  of  C. 
rigidus ?  which  is  approximately  equivalent  to  the  British  and  Bohemian  C.  rigidus 


Zone  but  not  well  enough  developed  to  be  formally  designated  as  such. 
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The  index  species  is  rare  and  poorly  preserved.  The  associated  fauna  includes 
M.  dubius,  M.  cf.  flemingi?/  M.  priodon,  M.  riccartonensis,  M.  yomennus,  _M. 
vomerinus  gracil is,  and  abundant  indeterminate  cyrtograptid  fragments. 

Although  capil laceus  is  found  in  the  equivalent  British  zone,  in  this 
section  the  interval  is  bounded  at  the  base  by  the  last  occurrence  of  M.  capillaceus 
and  at  the  top  by  the  last  occurrence  of  C.  rigidus?. 

The  zone-unit  of  Monograptus  cf.  jaekeli 

Monograptus  cf.  jaekeli  is  a  common  form  in  a  single  five  foot  sample  at  330 
feet  in  the  Clearwater  Creek  section.  This  species  in  Britain  is  confined  to  the  mid- 
Wenlockian  Zone  of  C.  linnarssoni  (Elies  and  Wood,  1901-1918)  (see  fig.  5).  Lenz 
and  Jackson  (1964)  list  a  similar  discovery  from  a  section  immediately  across  the 
Clearwater  Creek  from  the  thesis  section. 

Associated  with  M.  cf.  jaekel i  ar e_M.  cf.  flemingii,  M.  priodon,  M.  aff. 
scanicus,  M.  vomerinus,  M.  vomerinus  gracilis,  and  indeterminate  cyrtograptid 
fragments. 

Monograptus  aff.  scanicus,  which  also  occurs  in  the  335  sample,  is  reported 
from  a  tributary  of  the  Road  River  by  Jackson  and  Lenz  (1962)  associated  with  M. 
cf.  flemingii,  M.  ex  gr.  argenteus,  cf.  Spinograptus  and  Dictyonema.  This  fauna 
was  assigned  to  a  horizon  between  the  Zones  of  M_.  riccartonensis  and_C_.  lundgreni. 

M.  f  I  ex?  I  is,  which  is  a  common  form  in  Europe  in  this  horizon,  is  not  recorded 
in  northern  Canada. 

This  zone-unit  of _M.  cf.  jaekel i  is  perhaps  the  most  questionable  of  those 
listed  in  this  thesis. 

The  zone-unit  of  Monograptus  cf.  latus  and  Cyrtograptus  (?)  cf.  gracilis 

A  10  foot  interval  (samples  335  and  340)  is  tentatively  designated  as  the 
zone-unit  of  M.  cf.  latus  and  C.  (?)  cf.  gracilis. 
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Monograptus  cf.  latus  is  found  at  two  stratigraphic  horizons  in  Bohemia  - 
in  the  Zone  of  M.  riccartonensis  (Boucek,  1953)  and  in  the  Subzone  of_C_.  lundgreni 
(Zone  of  A4.  testis.  Munch,  1952).  Thorsteinsson  (1958)  reports  this  species  from 
beds  he  assigns  to  the  Zone  of  C.  perneri.  Waterlot  (1945)  merely  assigns  the 
species  to  the  Upper  Wenlockian  in  Morocco. 

Boucek  (1933)  reports  C.  (?)  gracilis  from  as  low  as  the  Zone  of  C.  radians. 

In  the  Clearwater  Creek  section,  the  associated  fauna  in  this  zone-unit  consists 
of  M.  aff.  dubius,  M.  cf.  dubius,  M.  f lemingii,  M.  flemingi?  cf.  primus,  M.  priodon, 
M.  riccartonensis,  M.  aff.  scanicus,  M.  vomerinus,  M.  vomerinus  gracilis,  C.  cf. 
mancki,  and  indeterminate  cyrtograptid  fragments. 

The  significance  of  M_.  aff.  scanicus  has  already  been  discussed,  that  is,  it 
probably  occurs  just  below  the  Zone  of  C.  lundgreni  (sensu  Elies  and  Wood,  1901- 
1918).  In  Bohemian  sections,  _C.  cf.  mancki,  occurs  only  in  the_M.  testis  Zone 
associated  with  M_.  testis  and  C.  hamatus  (Boucek  and  Pribyl,  1952).  One  would 
have  to  assign  a  lower  range  to  M.  cf .  mancki  in  this  section  for  it  to  be  compatible 
with  its  associated  fauna. 

By  judicious  combinations  of  the  above  information,  the  zone-unit  of  M. 
cf.  latus  and  C.  (?)  cf.  gracilis  is  considered  equivalent  to  parts  of  the  Bohemian 
Zone  of  C .  perneri  and  C.  ramosus  and  Subzone  of  C.  radians  (see  fig.  5,  for 
correlations  to  British  and  Arctic  sections). 

It  is  probably  advantageous  to  combine  this  zone-unit  with  the  supercedent 
zone-unit  of  C.  cf.  hamatus  and  C.  mancki  for  purposes  of  further  discussions. 

The  zone-unit  of  Cyrtograptus  cf.  hamatus  and  Cyrtograptus  mancki 

The  interval  345-350  contains  the  unique  combination  of  C.  cf.  hamatus 
and  C.  mancki  in  association  with  M.  aff.  dubius,  M.  flemingii,  M.  flemingii 
primus,  M.  priodon,  M.  vomerinus,  and  abundant  indeterminate  cyrtograptid 
fragments. 
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Boucek  and  Pribyl  (1952)  report  this  combination  in  association  with  M. 
testis  which  in  this  section  is  abundantly  represented  in  adjacent  younger  beds.  It 
is  thus  probable  that  this  interval  is  a  subzone  of  the_M.  testis  Zone  and  the  zone- 
unit  of  M.  cf.  latus  and  C.  (?)  cf.  gracilis  is  an  older  subzone  of  this  same  zone 
(sensu  Munch,  1952)  despite  the  lack  of  the  index  fossil. 

One  cyrtograptid  fragment  in  the  345  sample,  although  incomplete  and  poorly 
preserved,  seems  to  bear  some  resemblance  to  the  British  species  C .  ellesi.  Such  an 
identification  is  not  incongruous  with  its  stratigraphic  position  in  the  thesis  section. 

Zone  of  Monograptus  testis 

Monograptus  testis  is  the  dominant  species  immediately  from  its  introduction 
at  350  feet  to  its  last  occurrence  at  360  feet.  Plate  XI  shows  the  abundance  of  this 
form  which  is  represented  by  up  to  161  of  195  individuals  in  a  five  foot  interval. 
?Cyrtograptus  lundgreni  is  associated  with  M.  testis  throughout  the  range  of  the 
index  species.  Gothograptus  nassa  ?  and_G.  aff.  nassa  are  found  in  the  lowest  part 
of  the  zone  and  ?  Gothograptus  sp.  is  recorded  in  the  360  foot  sample.  These  are  the 
only  occurrences  in  this  section  of  this  stratigraphical  ly  diagnostic  (Upper  Wenlock- 
ian  -  Lower  Ludlovian)  form.  Spinograptus  cf.  spinosus  is  represented  by  a  single 
individual  in  the  320-380  talus  sample.  This  form  is  found  in  Lower  Ludlovian 
beds  in  Britain  (Elies  and  Wood,  1901-1918)  and  in  the  Subzone  of  C.  radians  in 
Bohemia  (Munch,  1952).  Other  associated  fauna  includes  M.  dubius,  M.  irfonensis, 
M.  flemingii,  M.  jaekel i  ?,  M.  priodon,  M.  vomerinus,  C ,  (?)  cf.  gracilis,  and 
indeterminate  cyrtograptid  fragments. 

Monograptus  irfonensis  is  a  rare  form  confined  to  the  British  Zone  of  C. 
lundgreni  (Elies  and  Wood,  1901-1918).  The  British  form  AA.  testis  inornatus  is 
not  found  in  the  thesis  section. 

Abundant  M.  testis  is  characteristic  of  the  Upper  Wenlockian  of  many 
sections  in  northern  Canada.  Thorsteinsson  (1958)  does  not  find  the  index  species 
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in  the  Arctic  but  the  zone  is  represented  by  C.  Iundgreni/  C.  trilleri,  M.  flemingii/ 
and  M.  vomerinus.  Lenz  and  Jackson  (1964)  list  C.  cf.  tril  leri  and  Spinogr.  aff. 
spinosus  from  this  zone  on  their  Clearwater  Creek  section. 

The  M.  testis  Zone  is  here  considered  to  not  only  encompass  the  range  of 
the  index  species  but  also  to  include  the  lower  zone-unit  of  C.  cf.  hamatus  and  C. 
mancki  and  part  or  all  of  the  zone-unit  of  M.  cf.  latus  and  C.  (?)  cf.  gracil is. 

Many  of  the  pieces  of  shale  from  the  320-380  talus  sample  are  nearly  completely 
covered  by  good  C.  lundgren?  specimens.  This  might  indicate  that  a  true  subzone  of 
C.  lundgreni  may  be  represented  in  the  Clearwater  Creek  section.  In  the  Whittaker 
Range  (Etherington,  1966),  the  occurrence  of  C.  cf.  lundgreni  and  C.  hamatus  ? 
in  a  single  sample  35  feet  below  the  first  M.  testis  may  indicate  a  subzone  or  a 
separate  zone  of  C.  lundgreni  below  the  M.  testis  Zone  in  that  section. 

Two  small  faults  occur  at  355  and  360  feet  in  the  thesis  section  (see  plate  II, 
fig.  3).  In  each  case,  displacement  was  considered  negligible  according  to  field 
observations  nevertheless  supposedly  equivalent  beds  on  each  side  of  the  faults  were 
sampled. 

The  sample  immediately  below  the  fault  at  355  feet  yielded  a  typical  M. 
testis  Zone  fauna  while  the  supposedly  equivalent  sample  above  the  fault  contained  a 
bizarre  collection  composed  entirely  of  M.  aff.  deubeli  in  large  numbers.  Mono- 
graptus  deubeli  is  known  from  Bohemian  and  Thuringian  sections  where  it  represents 
the  lowest  Ludlovian  strata  and  defines  the  Zone  of  M.  deubeli  (Jaeger  1964).  The 
British  form  M.  wanda lensis  bears  some  resemblance  to  M_.  aff.  deubeli,  this  species 
is  confined  to  the  Zone  of  M.  nilssoni. 

It  is  unfortunate  that  this  form,  a  first  occurrence  in  North  America,  should 
be  in  fault  contact  with  surrounding  beds  and  without  associated  fauna.  No  judge¬ 
ment  on  its  age  is  thus  possible  as  it  is  the  only  occurrence  in  the  section  and  the 
holotype  can  only  be  used  for  reference  in  future  discussions  of  northern  Canada 
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sections.  Further  work  on  this  section  or  in  the  immediate  area  may  lead  to  discoveries 
of  M.  aff.  deubeli  in  an  unfaulted  section . 

A  typical  M.  testis  fauna  again  occurs  above  the  fault  slice  at  360  feet,  and  are 
again  faulted  against  overlying  beds  which  bear  only  M.  dubius  forms.  As  before, 
further  field  work  would  be  needed  to  comment  on  the  movement  or  loss  of  section 
involved  in  this  fault. 

Interregnum  of  Monograptus  dubius 

Samples  360  to  375  feet  yield  abundant,  yet  mostly  poorly  preserved,  M.  dubius, 
and_M.  ex  gr.  dubius.  No  other  species  was  found  in  this  interval  although  forms 
such  as  M.  vulgaris  may  be  present  and  indescernible  from  M.  dubius  types  due  to 
poor  preservation. 

No  specimens  assignable  to  M_.  aff.  deubel ?  nor  to  Gothograptus  nassa  were 
found  in  this  interval. 

This  unit  is  then  correlated  with  the  Thuringian  "interregnum  of  M.  dubius 
and  Retiolites  nassa"  (jaeger,  1959)  but  may  include  strata  equivalent  to  the  overlying 
Zones  of  M.  deubel i  and  M.  vulgaris. 

The  author  agrees  with  Berry  and  Boucot  (1967)  that  "the  dubius/nassa 
Interregnum  should  be  included  in  the  Wenlock  because  it  does  not  contain  any 
Ludlovian  newcomer". 

UPPER  SILURIAN  -  LUDLOVIAN 

One  cannot  use  Bulman's  (1958)  subfauna  of  monograptids  of  simple  thecal 
type  as  exactly  diagnostic  of  Lower  Ludlovian.  Although  this  does  describe  the 
fauna  it  also  includes  the  previously  discussed_M.  dubius  -  bearing  beds  of  Upper 
Wenlockian.  Boucek  (1959)  more  accurately  defines  the  trend  as  "a  complete 
change  of  fauna"  marking  the  Ludlow- Wenlock  boundary.  Forms  such  as 
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nilssoni/  M.  bohemicus,  M.  crinitus,  and  M.  uncinatus  are  unknown  from  the 
lower  strata. 

A  recent  paper  by  Warren,  Rickards,  and  Holland  (1966)  is  of  immediate 
significance  to  the  discussion  of  this  boundary.  They  point  out  that  M.  vulgaris 
(Elies  and  Wood,  1911,  pi.  xxxvii,  fig.  10a)  and  M.  gotlandicus  are  junior 
synonyms  of  Pristiograptus  ludensis.  Further,  _P.  ludensis  and  straight  pristiograptids 
are  confined  to  upper  Wenlockian  shales  in  the  British  type  Ludlow  area.  Also, 
other  forms  shown  by  Elies  and  Wood  (1901-1918)  represent  new,  as  yet  unnamed, 
species  of  possible  Ludlovian  (?)  age.  These  authors  propose  that  _M.  nilsson? 
be  accepted  as  the  basal  Ludlovian  zone. 

It  then  becomes  critical  to  establish  from  which  publication  Jaeger  (1964) 
and  his  supporters  identified  their  Mu  vulgaris  forms.  If  they  genuinely  identified 
_P.  ludensis,  then  M_.  deubel?  is  not  the  oldest  Ludlovian  but  a  late  Wenlockian 
species  and  his  jM.  vulgaris  Zone  is  the  highest  zone  of  that  series. 

The  problem  cannot  really  be  resolved  in  the  Clearwater  Creek  section 
because  although_M.  cf.  vulgaris  is  intimately  associated  with  _M.  nilsson?,  M.  cf. 
vulgaris  is  not  an  accurate  identification.  Elies  and  Wood's  (1901-1918)  figures 
of_M.  vu Igaris  showing  a  straight  proximal  end  were  used  as  a  lecotype  but  no 
specimens  exactly  coincident  with  them  were  found. 

Zone  of  Monograptus  nilssoni  with  Subzone  of  Monograptus  bohemicus 

The  uppermost  95  feet  of  the  Clearwater  Creek  section  is  dominated  by  the 
species  M.  nilssoni  and _M.  bohemicus. 

Monograptus  nilssoni  is  introduced  at  380  feet  along  with_M.  colonus,  M. 
cf.  vulgaris,  Monograptus  dubius  continues  into  the  Ludlovian  beds  from  the 
underlying  Interrugnum  of  M.  dubius.  Monograptus  cf.  chimaera,  M.  cf.  crinitus 
and  M.  scanicus  are  added  to  the  above  association  in  the  overlying  sample. 
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The  first  M.  bohemicus  occurs  at  390  feet,  10  feet  above  the  introduction 
of  the  first  M.  n ilsson i .  Monograptus  roemeri,  M.  varians,  M.  vulgaris  curtus, 

M.  sp.  H,  and  M.  sp.  K  complete  the  M.  n ilsson i  Zone  fauna  of  the  thesis  section. 
Monograptus  colonus  ?  ex  gr.  dubius  and_M.  colonus  ?  varians  are  used  to  indicate 
monograptids  with  simple  type  thecae  which  cannot  be  specifically  identified  because 
of  fragmentary  preservation. 

It  is  characteristic  of  northern  Canada  graptolitic  sections  that  M.  bohemicus 
is  not  introduced  until  after  AA.  nilssoni .  In  the  Whittaker  Range  (Etherington,  1966) 
over  100  feet  represents  this  interval.  Dr.  D.E.  Jackson  and  Dr.  A.C.  Lenz  (pers. 
comm.,  1967)  agree  that  this  is  the  case  in  most  of  the  sections  they  have  examined. 

Dr.  Lenz  thinks  that  further  subspecies  division  of  M.  bohemicus  may  be  stratigraph- 
ically  useful  in  these  sections.  The  author  agrees  with  this  and  leaves  it  to  Dr. 

Lenz  to  expand  this  theory.  It  should  be  noted  that  AA.  nilssoni  and  AA.  bohemicus 
are  associated  over  large  intervals  after  the  introduction  of  the  latter.  This  is  in 
contrast  to  Thorsteinsson's  (1958)  Arctic  fauna  where  M.  bohemicus  ocurrs  strati- 
graphically  above,  but  never  in  association  with_M.  nilssoni.  His  Zone  of  M. 
bohemicus  does  not  thus  seem  valid  in  northern  Canada,  and  it  seems  better  to  designate 
a  Subzone  of  M.  bohemicus  as  part  of  the  M.  n ilsson i  Zone.  Further,  Thorsteinsson's 
M.  bohemicus  Zone  creates  confusion  with  Marr's  (1892)  upper  and  lower  M_.  bohemicus 
Zone  of  the  Lake  District  as  discussed  in  Whittard  (1960). 

Elies  and  Wood's  (1901-1918)  tripartite  division  of  this  interval  in  Britain 
does  not  seem  to  apply  in  northern  Canada.  The  M.  vulgaris  Zone  is  now  in 
question  due  to  confusion  over  the  validity  of  the  index  species  (Warren  et  al., 

1966).  Monograptus  scanicus  and  M.  nilssoni  are  intimately  associated  in  northern 
Canada  and  cannot  be  used  for  two  divisions.  It  is  noted  that  M_.  bohemicus  extends 
into  the  M.  scanicus  Zone  exclusive  of  M.  nilssoni  (Whittard,  1960)  and  thus  this 


British  Zone  may  be  equivalent  to  our  Subzone  of  M.  bohemicus. 
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Jaeger  (1964)  creates  a  Zone  of  M.  chimaera  in  Thuringia  equivalent  to  the 
British  Zones  of  M.  scanicus  plus  M.  tumescens.  The  thesis  section  shows  no  unique 
association  involving  M.  chimaera .  The  index  species  is  sparsely  represented  in 
association  with  M.  nilssoni  and  M.  bohemicus.  There  is  no  indication  that  M. 
chimaera  alaskaensis  identified  by  Lenz  and  Jackson  (1964)  from  their  Clearwater 
Creek  section  has  any  special  stratigraphic  significance. 

Linograptus,  a  common  genus  in  most  northern  Canadian  Ludlovian  graptolitic 
sections,  is  not  represented  in  Clearwater  Creek.  Although  not  reported  from  the 
Delorme  and  Whittaker  Ranges  (Etherington,  1966),  Lenz  (pers.  comm.,  1967)  re¬ 
examined  this  fauna  and  lists  several  questionable  fragments  from  the  uppermost 
Whittaker  Formation. 

It  is  apparent  that  the  thesis  collections  do  not  go  higher  than  the  zone  of 
M.  nilssoni,  however,  one  should  note  the  two  unidentified  species  Monograptus 
sp.  H  and  Monograptus  sp.  K.  The  former  bears  cl imacograptid  type  thecae  which 
in  the  case  of  M.  sp.  K  possess  a  small  spine  projecting  from  the  upper  extremity 
of  the  excavation.  On  first  examination  these  forms  seem  sililar  to  M.  leintwardinensis, 
especially  forms  illustrated  in  Tomczyk  (1956,  plate  VIII,  figs.  6a,  b)  but  this 
English  species  is  wider  and  more  robust  in  the  proximal  portion.  The  two  thesis 
species  have  some  affinities  to  M.  aequabil is  and  A4.  hemiodon,  both  of  which  are 
uppermost  Silurian  forms.  They  may  indicate  a  post-'nilssoni1  zone  in  this  area. 

Post-'nilssoni1  Zone  faunas 

Although  no  such  fauna  is  definitely  found  in  the  Clearwater  Creek  thesis 
section,  several  younger  species  are  recorded  in  northern  Canada. 

Lenz  and  Jackson  (1964)  identified^,  cf.  leintwardinensis  from  their 
Clearwater  Creek  section  approximately  400  feet  above  beds  equivalent  to  the  highest 
sample  in  this  study.  Lenz  (pers.  comm.,  1967)  after  re-examining  Whittaker  Range 
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samples  (from  Etherington,  1966)  records  two  questionable  M.  leintwardinensis  forms 
from  the  uppermost  Whittaker  Formation.  These  two  sections  may  represent  the  first 
record  in  northern  Canada  of  the  mid-Ludlovian  M_.  leintwardinensis  Zone  of  Europe. 

Further,  Lenz  suggests  that  M.  cf.  kolednikensis  may  be  present  in  Whittaker 
Range  samples  taken  578  feet  above  the  base  of  the  Delorme  Formation.  Munch 
(1952)  indicates  that  this  form  is  slightly  younger  than  M_.  leintwardinensis  equivalent 
zones  in  Bohemia. 

Still  younger  Silurian  (and  Devonian)  graptolites  are  found  in  the  South 
Nahanni  River  region  according  to  Lenz  and  Jackson  (1964).  Monograptus  cf. 
praehercynicus  is  listed  from  a  section  at  the  junction  of  the  Flat  and  South  Nahanni 
Rivers  (fig.  1,  loc.  6)  and  from  an  isolated  outcrop  north  of  the  Meilleur  River  (fig. 

1,  loc.  1 1).  Monograptus  ramstalensis  ?  occurs  in  beds  at  the  headwaters  of  the 
Meilleur  River  (fig.  1,  loc.  15)  and  M_.  cf.  uniform  is  is  found  at  a  location  four 
miles  downstream  from  the  junction  of  the  Mary  and  South  Nahanni  Rivers  (fig.  1, 
loc.  8).  The  total  fauna  (exclusive  of  M_.  ramstalensis?  which  is  undated)  represents 
part  of  the  Lochovian  Stage  of  Bohemia,  that  is,  the  base  of  the  M.  uniformis  Zone 
to  the  lower  part  of  the  jM.  hercyn icus  Zone.  This  would  be  uppermost  Silurian  and 
lowermost  Devonian  in  the  divisions  currently  accepted  (Jaeger,  in  press). 

The  youngest  graptolite  in  northern  Canada  and  possibly  in  the  world  is  M. 
yukonensis  from  Royal  Creek  in  the  Yukon  which  may  be  as  young  as  Emsian  (Lenz, 
in  press). 

DEPOSITIONAL  HISTORY 

Taking  the  Clearwater  Creek  section  as  an  isolated  unit,  some  comments  on 
the  probable  depositional  history  and  tectonic  setting  can  be  made.  Examination  of 
the  thickness  of  biostratigraphic  units  and  types  of  accompanying  lithologies  presents 
some  striking  contrasts  to  other  graptolitic  sequences.  In  this  case  selected  British 
sections  are  used  for  comparison. 
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Table  3  shows  the  thicknesses  of  selected  biostratigraphic  units  in  the  Clear- 
water  Creek  section  and  that  of  equivalent  units  in  the  British  Wenlock  and  Tarannon 
sequences.  Perhaps  the  most  striking  comparison  (not  shown)  is  the  M.  gregarius  to 
M.  sedgwick?  Zones  of  Clearwater  Creek  which  are  8  feet  thick  whereas  equivalent 
British  intervals  are  up  to  several  hundreds  of  feet  thick. 

Even  accepting  this  as  a  general  comparison  it  is  immediately  seen  that  the 
Clearwater  Creek  section  is  immensely  condensed  in  comparison  to  the  British  sequences. 
The  total  Llandoverian  and  Wenlockian  interval  in  the  thesis  section  is  represented  by 
only  three  hundred  and  sixty-eight  feet  which  makes  it  one  of  the  thinnest  represent¬ 
ations  of  the  unit  in  the  world. 

Furthermore,  this  three  hundred  and  sixty-eight  feet  encompasses  a  monotonous 
sequence  of  silty  shales  and  siltstones  (see  Appendix  B).  The  British  sections,  in 
general,  contain  a  sequence  of  shales,  grits,  and  limestones  in  this  interval.  It  is 
of  consequence  to  ensuing  discussions  to  mention  the  high  pyrite  and  hematite  content 
throughout  the  section. 

The  faunal  diversity  in  Britain  is  much  greater.  Representatives  of  trilobites, 
brachiopods,  cephalopods  (including  abundant  gastropods)  and  sponges  accompany  or 
are  interbedded  with  the  graptolites.  In  Clearwater  Creek,  only  rare  sponge  spicules 
are  found  in  this  continuously  graptolitic  succession.  Even  the  rare  nautiloids  and 
"Orbiculoidea1  brachiopods  which  occur  in  the  Delorme  and  Whittaker  Range  sections 
are  absent,  thus,  there  is  a  complete  lack  of  benthonic,  or  even  nectonic,  forms. 

Thus,  two  contrasting  paleoecological  regimes  are  presented.  The  British 
sections  quoted  must  surely  indicate  shallow  water,  nearshore  'shelf'  receiving 
comparatively  immense  amounts  of  clastic  influx  with  periods  of  quiescence  allowing 
carbonate  sedimentation  and  supporting  a  varied  benthonic  fauna.  The  Clearwater 
Creek  section  seems  to  indicate  deeper  water,  receives  comparatively  little  clastic 
influx  and  supports  no  benthonic  fauna  possibly  due  to  depth  or  even  to  euxinic 
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Biostrat igraph ic  Units 
of  Clearwater  Creek 


Th  ickness 
in  feet 


Equivalent  Biostratigraphic 
Unit(s)  of 


Thickness 
in  feet 


Total  Wenlockian 

Zone  of  M.  riccartonensis 

Zone-unit  of  C.  canadensis 
and  C.  lapworthi 


Llandovery 


M.  spiralis  Zone  with 
Subzone  of  Stom.  grandis 


M.  turriculatus  Zone 


90 


10 


10 


65 


a)  Wenlock  of 

The  Welsh  Borderland  (Elies, 
1 900) 

Total  Wenlockian 
Zone  of  M.  riccartonensis 


Zone  of  Co  murchisoni 


b)  Llandovery  in  Tarannon 
District  (Wood,  1906) 

M.  crenulatus  Zone 

M.  gr iestoniensis  Zone 

M.  crispus  Zone 

M.  turriculatus  Zone 


1840 

300 


200 

(also  in 
Tarannon) 


420 

1150-2470 

900 

1000 


Table  3.  Comparison  of  thickness  of  selected  biostratigraphic  units  in  the 
Clearwater  Creek  section  and  in  two  British  sections. 
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bottom  conditions.  This  euxinic  condition  is  suggested  by  the  high  hematite  and  pyrite 
content.  Also,  the  sediments  are  well-sorted  and  finer,  both  indicating  lengthy 
transport.  All  this  may  suggest  a  eugeosynclinal  (using  the  term  loosely)  or  an  open 
ocean  setting. 

The  pelagic  or  epipelagic  graptolites  could  be  equally  well  swept  in  from  the 
open  ocean  into  either  environment.  No  evidence  is  found  that  either  environment 
selectively  contains  one  type  or  group  of  Silurian  graptolites  not  found  in  the  other. 

The  sediments  directly  underlying  the  thesis  section  (sandstone  and  siltstone 
interbeds  in  limestone)  suggests  that  an  environment  equivalent  to  that  of  the  British 
sections  (possibly  miogeosyncl  inal)  directly  precedes  a  deepening  of  water. 

No  attempt  has  been  made  in  this  discussion  to  present  a  completely  accurate 
analysis  of  the  tectonic  setting  of  the  British  sections,  they  are  merely  used  as  a 
contrast  to  emphasize  the  postulated  setting  of  the  study  section. 

One  problem  stands  out  in  this  deep  water  hypothesis,  namely,  the  explanation 
of  the  well  documented  hiatus  at  207  feet  (see  p.  26  and  Table  2)  in  the  thesis  section. 
The  explanation  must  deal  with  it  either  as  a  local  or  a  regional  hiatus. 

Lenz  and  Jackson  (1964)  present  no  unit  comparable  to  the  zone  unit  of  Cl. 
aff.  trifilis  and  D.  modestus  n .  subsp.  X  in  other  sections  in  the  South  Nahanni  River 
region  and  find  only  fragmentary  representatives  of  the  M.  gregarius  to  M.  sedgwicki 
Zones.  Monograptus  cyphus  Zone,  definitely  missing  in  the  Clearwater  Creek  section, 
is  not  positively  reported  from  the  region.  Thus,  no  support  for  either  a  localized  or  a 
regional  hiatus  is  available. 

A  localized  hiatus  may  be  explained  using  the  situation  in  a  topographically 
uneven  ocean  bottom.  Menard  (1960)  and  others  have  noted  areas  of  non-deposition 
on  abyssal  hills  in  the  modern  Pacific  Ocean  while  surrounding  lows  received  normal 
amounts  of  sediment.  Such  highs  are  found  showing  no  sedimentation  since  Tertiary 
time.  This  provides  a  working  hypothesis  of  a  Silurian  basin  with  topographical 
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bottom  relief  and  areas  of  non-deposition  over  a  long  period  of  time,  thus, 
creating  a  hiatus  preserved  under  succeeding  sediments. 

No  attempt  is  made  to  state  the  extent  of  the  depositional  basin  mentioned 
here  and  correlations  to  the  Delorme  and  Whittaker  Range  sections  and  to  those 
in  the  Yukon  and  Arctic  are  purely  on  biostratigraphic  equivalence  without 
implications  of  a  continuous  depositional  unit. 

Jackson  et  al.  (1965)  document  an  unconformity  involving  beds  from  the 
Ordovician  Zone  of  O.  truncatus  var.  intermedius  to  the  Silurian  Zone  of  M. 
turriculatus  from  northeastern  British  Columbia.  The  Sandpile  Group  thus  lies 
unconformably  on  the  Cloudmaker  Formation  and  they  interpret  the  break  as  falling 
within  the  time  during  which  the  Taconic  Orogeny  occurred  in  eastern  North 
America.  The  world-wide  significance  of  this  tectonic  event  is  perhaps  indicated 
by  Boucek's  (1953)  notation  of  missing  lowermost  Silurian  strata  in  Bohemia  which 
he  relates  to  the  Taconian  phase  of  the  Caledonian  Orogeny.  Little  evidence 
supports  any  correlation  of  the  Clearwater  Creek  hiatus  with  the  aforementioned 
stratigraphic  break  but,  iffuture  study  shows  it  to  be  a  regional  break,  later 
workers  must  recognize  that  its  earliest  Silurian  age  prompts  comparisons  with 
unconformities  resulting  from  the  Taconic  Orogeny.  Although  long  periods  of 
sub-aerial  erosion  are  incompatible  with  the  lithologic  evidence,  this  break 
could  be  a  submarine  expression  of  events  accompanying  such  a  period  of  tectonic 


unrest. 
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?Amplexograptus 

Climacograptus 


Cyrtograptus 


Djplograptus 
?Diversograptus 
Diversogra  ptus 
Qlyptogra  ptus 


Gothograptus 


APPENDIX  A 
DISCUSSION  OF  FAUNA 
FAUNAL  LIST 
sp. 

innotatus  Nicholson 
cf.  medius  Tdrnquist 
rectangularis  (McCoy) 
scalaris  (Hisinger) 
scalaris  normal  is  Lapworth 
cf.  tornquisti  Elies  andWood 
aff,  trifilis  Manck 
canadensis  sp.  nov. 

(?)  cf.  gracilis  (Boucek) 
cf,  hamatus  (Baily) 
lapworth?  Tull  berg 
lundgren?  Tull  berg 
mancki  Boucek 
rigidus  ?  Tull  berg 
sp.  D 
sp.  ]_ 

modestus  Lapworth  n.  subsp,  X 
(?)  pergracilis  (Boucek) 
cf.  ramosus  Manck 
incertus  Elies  and  Wood 
serratus  ?  Elies  and  Wood 
tamariscus  Nicholson 
nassa  ?  (Holm) 
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Monograptus 

aff.  nassa  (Holm) 

acus  Lapworth 

bohemicus  (Barrande) 

capillaceus  Tullberg 

chimaera  (Barrande) 

clingani  (Carruthers) 

colonus  (Barrande) 

communis  ?  (Lapworth) 

cf.  concinnus  Lapworth 

cf.  crenu laris  Lapworth 

crinitus  Wood 

cf.  decipiens  Tornquist 

aff.  deubeli  Jaeger 

dextrorsus  Linnarsson 

dubius  (Suess) 

aff.  dubuis  (Suess) 

cf.  falx  (Suess) 

fimbriatus  (Nicholson) 

flagellaris  Tornquist 

flemingii  (Salter) 

flemingii  primus  Elies  and  Wood 

gdlaensis  Lapworth 

griestoniensis  Nicol 

cf.  halli  (Barrande) 

intermedius  (Carruthers) 

irfonensis  Elies 

cf.  jaculum  Lapworth 
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cf.  jaekel i  Perner 

cf.  latus  McCoy 

leptotheca  Lapworth 

I innarsson i  (Tullberg) 

marri  Perner 

cf.  micropoma  (Jaekel) 

mil lepeda  (McCoy) 

minimus  ?  Boucek  and  Pribyl 

nilssoni  (Barrande) 

nodifer  Tornquist 

nudus  ( La pworth ) 

pandus  Lapworth 

priodon  (Bronn) 

riccartonensis  Lapworth 

roemeri  (Barrande) 

runcinatus  Lapworth 

aff.  runcinatus  Lapworth 

sartorius  Tornquist 

scanicus  Tullberg 

aff.  scanicus  Tullberg 

sedgwicki  (Port lock) 

spinulosus  Tullberg 

spiralis  (Geinitz) 

testis  Barrande 

tortilis  ?  Linnarsson 

cf.  triangulatus  (Harkness) 


cf.  turriculatus  (Barrande) 
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Orthograptus 

cf.  Petalograptus 
Petalograptus 

Rasfrites 


Retiol  ites 


turriculatus  minor  (Boucek) 

uncinatus  Tullberg 

cf.  undulatus  Elies  and  Wood 

aff.  variabilis  (Perner) 

varians  Wood 

varians  cf.  pumilus  Wood 

vomerinus  (Nicholson) 

vomerinus  basil Icus  Lapworth 

vomerinus  crenulatus  (Tornquist) 

vomerinus  gracilis  Elies  andWood 

cf  „  vu  Igaris  curtus  Wood 

sp.  E 

sp.  H 

sp.  K 

n.  sp.  M 

ex  gr.  truncatus  Lapworth 

cf.  vesiculosus  Nicholson 

cf.  vesiculosus  penna  Hopkinson 

elongatus  linearis  Boucek  and  Pribyl 

palmeus  (Barrande) 

palmeus  tenuis  Barrande 

cf.  hybridus  (Lapworth) 

longispinus  ?  (Perner) 

maximus  ?  Carruthers 

cf.  peregrinus  Barrande 

geinitz ianus  Barrande 


geinitz ianus  angustidens  Elies  and  Wood 
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Spinograptus  cf.  spinosus  (Wood) 

Stoma  tog  raptus  grandis  (Suess) 

General  Statement 

The  following  section  contains  brief  discussions  of  the  species  (and  subspecies) 
found  in  the  thesis  section.  For  each  taxon,  a  hypotype  is  chosen  which  is  consid¬ 
ered  to  represent  the  typical  form  of  those  identified.  The  horizon  quoted  is  that 
encompassing  the  total  range  of  the  graptolite  in  the  section.  Discussions  are 
given  on  the  abundance,  affinities,  age,  and  associated  fauna.  Measurements 
of  the  hypotypes  and  I  ecotypes  are  compared. 

No  attempt  is  made  to  give  a  synonymy.  The  citation  given  at  the 
beginning  of  each  description  is  the  reference  material  which  the  writer  used  for 
making  his  identifications. 
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?  Amplexograptus  sp. 

(no  figure) 

1955  Amplexograptus  Elies  and  Wood.  Mon.  Brit.  Grapt.,  p.  267. 

Hypotype.  JE-1-66,  207-210/2 

Horizon .  Zones  of _M.  gregarius  to  M.  sedgwicki 

Discussion.  While  many  of  the  glytograptids  and  climacograptids  in  this  section 
bear  some  resemblance  to  Amplexograptus  in  some  forms  of  preservation, 
only  three  specimens  are  questionably  assigned  to  this  genus.  Bulman 
(1963)  outlines  a  diagnosis  for  the  genus  Amplexograptus.  Those  features 
considered  to  be  partially  represented  in  the  hypotype  are:  Thecae 
sharply  geniculate,  infra-  and  supra-genicular  portions  of  the  free  ventral 
wall  about  equal  in  length,  and  supragenicular  wal I  inclined  slightly 
outwards. 

Considering  that  the  typical  age  of  Amplexograptus  is  Early  to 
Middle  Ordovician,  these  Early  Silurian  forms  in  the  study  section  are 
maybe  bizarre  preservations  of  Glyptograptus  or  Cl imacograptus. 

Climacograptus  Innotatus  Nicholson 
Plate  II,  fig.  1 

1901-1918  Climacograptus  innotatus  Nicholson.  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  212,  text  figs.  143a,  b,  pi.  xxvii,  figs.  lOa-e. 

Hypotype.  JE-1-66,  50/4 

Horizon .  Zone-unit  of  Cl .  aff.  tr  if  i  I  is  and  D.  modestus  n.  subsp.  X. 

Discussion .  Several  climacograptids  in  the  lowest  beds  of  the  thesis  section  are 
assigned  to  Cl .  innotatus  on  the  basis  of  small  spines  projecting  from  the 
base  of  the  supragenicular  thecal  wall.  Examination  of  fig.  1  using  a 
hand  lens  may  reveal  this  obscure  feature.  The  hypotype  is  consistently 
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narrower  (1.2  mm.  vs.  1.5  mm.)  than  those  illustrated  in  Elies  and  Wood 
(1901-1918)  and  certainly  does  not  show  the  spined  nature  as  clearly. 

The  suggested  age  and  associated  fauna  of  the  hypotype  are  typical 
of  the  species. 


Climacograptus  cf.  medius  Tornquist 
(no  figure) 

1901-1918  Climacograptus  medius  Tornquist.  Elies  and  Wood,  Mon.  Brit.  Grapt. 

p.  189,  text  figs.  122a-c;  pi.  xxvi,  figs.  4a-f. 

Hypotype.  JE—  1  —66,  143/3 

Horizon.  Zone-unit  of  Cl.  aff.  tr  if  i  I  is  and  D.  modestus  n.  subsp.  X. 

Discussion.  One  proximal  fragment  of  Climacograptus  is  designated  Cl.  cf.  medius 
because  of  the  short  basal  spines  and  extended  virgella.  The  hypotype  is 
narrower  (1 . 1  mm.)  and  seems  to  have  more  closely  spaced  thecae  than 
have  illustrated  forms.  Cl.  aff.  trifilis  bears  longer,  more  tenuous 
lateral  spines. 


Climacograptus  rectangu laris  (McCoy) 

Plate  III,  fig.  2 

1901-1918  Climacograptus  rectangularis  (McCoy). El les  and  Wood,  Mon.  Brit. 

Grapt.,  p.  187,  text  figures  122a,  b;  pi.  xxvi,  figs.  5a-e. 

Hypotype.  J  E—  1  —66,  105/3. 

Horizon.  Zone-unit  of  Cl.  aff.  trifilis  and  D.  modestus  n.  subsp.  X  and 

questionably  represented  in  the  Zones  of  M.  gregarius  to  M.  sedgwicki. 
Discussion.  Although  an  incomplete  specimen,  the  hypotype  illustrates  the  typical 
thecal  type.  While  this  thecal  form  is  essentially  similar  to  that  of  Cl . 
scalaris,  the  greater  width  of  the  polypary  (2.0  mm.)  indicates  a  true 


Cl .  rectangularis. 


' 
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Climacograptus  scalaris  (Hisinger)  (Linne) 

Plate  III,  fig.  3. 

1901-1918  Climacograptus  scalaris  (Hisinger)Linne).  Elies  and  Wood,  Mon.  Brit. 

Grapt.,  p.  184,  text  figs.  118a,  b;  pi.  xxvi,  figs.  la-c. 

Hypotype.  JE—  1  —66,  135/6 

Horizon.  Zone-unit  of  Cl .  aff.  tr  if?  I  is  and  D.  modestus  n.  subsp.  X. 

Discussion .  Climacograptus  scalaris  is  a  common  form  throughout  the  lower  165 
feet  of  graptol ite-bearing  section.  They  hypotype  measures  2  cm.  long 
exclusive  of  a  1  cm.  extended  virgula  (Not  apparent  in  the  photo),  has 
a  maximum  width  slightly  greater  than  1  mm.,  thecae  9-10/10  mm., 
virgella  conspicuous  and  short.  While  these  features  separate  the  hypotype 
from  all  other  climacograptid  species.  Cl.  scalaris  normalis  is  similar  in 
all  respects  except  its  greater  length  (up  to  5  cm.).  Naturally,  incom¬ 
plete  specimens  are  difficult  to  separate.  Both  these  forms  are  associated 
with  the  total  Early  Llandoverian  fauna  listed  in  Appendix  B. 

C I  imacograptus  sea  laris  norma  I  is  Lapworth 
Text  fig.  la. 

1901-1918  Climacograptus  scalaris  normalis  Lapworth.  Elies  and  Wood,  text  figs. 

119a-d;  pi.  xxvi,  figs.  2a-g. 

Hypotype.  JE—  1  —66,  125/1. 

Horizon.  Zone-unit  of  Cl .  aff.  tr  if  i  I  is  and  D.  modestus  n.  supbsp.  X. 

Discussion.  The  hypotype  is  incomplete  but  may  be  identified  by  its  narrow 

rhabdosome  (barely  1  mm.  wide)  and  closely  spaced  thecae  (12—  1 4th./10 
mm.).  Text  fig.  la  shows  the  typical  "scalaris"  thecae  and  the  extended 
virgula.  This  form  is  common  in  the  lowermost  Silurian  strata  of  the 
Clearwater  Creek  section. 
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The  author  questions  the  ability  of  former  workers  to  separate  the 
subspecies  from  Cl.  scalaris. 

Climacograptus  cf.  tornquisti  Elies  and  Wood 
Plate  III,  fig.  7 

1901-1918  Climacograptus  tornquisti  Elies  and  Wood,  Mon.  Brit.  Grapt.,  p.  190, 
text  figs.  123a,  b;  pi.  xxvi,  figs.  &a-f. 

1955  Raphidograptus  tornquisti  (Elies  and  Wood),  Treatise  on  Invertebrate 
Paleontology,  Part  V  -  Graptolithina,  V.  91,  fig.  67. 

Hypotype.  JE-2-66,  33-38/4. 

Horizon.  Zone-unit  of  CL  aff.  trifilis  and  D.  modestus  n.  subsp.  X. 

Discussion .  One  specimen  of  this  species  is  tentatively  identified  from  the  lowest 
beds  of  the  thesis  section. 

The  incomplete  rhabdosome  measures  2.2  cm.  long  (exclusive  of 

virgella),  has  a  maximum  width  of  1 .0  mm.;  thecal  density  of  6-7  th./lO  mm. 

and  the  thecae  are  of  the  "scalaris11  type.  While  it  is  narrower  than  the 

holotype  (1.0  vs.  2.0  mm.)  and  has  a  closer  thecal  spacing,  the  hypotype 

is  identified  on  its  conspicuously  long,  robust  virgella  and  its  most 

diagnostic  feature,  a  slight  tendency  towards  dimorphism.  In  the  proximal 

2 

end,  th  1  is  unusually  long;  its  aperture  appears  to  occur  almost  at  the 
level  of  th  2 \  This  feature,  poorly  preserved  as  it  is,  combined  with  the 
long,  stout  virgella  separates  this  form  from  Cl.  scalaris. 

The  incompleteness  of  the  hypotype  and  its  occurrence  as  a  single 
specimen  in  the  section  rendersthe  identification  of  little  use  in  the  strat¬ 
igraphic  division  of  the  section. 
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Cl  imacograptus  aff.  trifilis  Manck 
Plate  111,  figs.  4-6 

1952  Cl  imacograptus  trifilis  Manck.  Munch,  Die  Grapt.  a.  d.  anstehenden 
Gotlandium  Deutschlands  und  der  Tschechoslowakei,  p.  51,  tafel  2, 
fig.  3. 

Hypotype.  Zone-unit  of  Cl .  aff.  trifilis  and  D .  modestus  n .  subsp.  X. 

Discussion .  The  photos  clearly  show  this  unique  cl imacograptid.  This  is  the  first 
record  of  this  form  in  northern  Canada.  Although  essentially  a  Cl.  scalaris 
type  (very  similar  thecal  type),  the  new  form  is  definitely  separated  on  the 
presence  of  three  long  spines  (virgula  ?  +  2  spines)  projecting  from  the  base. 

The  hypotype  clearly  shows  a  thin,  stiff,  extended  virgella  and  2 
tenuous,  long  spines  extending  on  either  side.  These  lateral  spines  are 
of  the  type  of  those  on  CL  longifilis  Manck  and  Cl .  kjrstei  Hemmann. 

They  appear  to  arise  from  the  base  very  close  to  the  virgella  and  it  is 
questionable  whether  they  actually  extend  from  the  free  margin  at  the 
base  of  the  theace.  This  character  is  variable  and  in  some  forms  (e.g. 

JE—  1  —66,  1  10/1 1)  these  lateral  spines  are  quite  stout  and  are  attached 
remote  from  the  virgella.  This  same  sample  yields  one  form  vaguely 
showing  2  additional  lateral  spines  projecting  horizontally  outwards  from 
the  base  of  the  rhabdosome.  The  poor  preservation  of  this  specimen  shrouds 
this  feature. 

Boucek  (pers.  comm.,  1967),  after  briefly  examining  the  specimens, 
suggested  that  the  thesis  form  is  related  to  the  Bohemian  species.  Cl. 
trifilis.  It  is  on  this  basis  that  the  thesis  specimens  are  termed  CJ_.  aff. 
trifilis. 


The  following  comparison  is  made  with  the  Bohemian  form: 


:  •  ■  ' 


63 


Cl.  aff.  trifilis 


length 
width 
th/10  mm. 


Cl.  trifilis 
1 .3-3.0  cm. 
1 .5-2.2  mm. 
12 


1.5  cm.  (max.) 

1 . 0  mm.  (max. ) 
12-13 

extended  virgula 


extended  virgula 
Thus  the  Clearwater  Creek  species  is  narrower  and  shorter.  In 
addition,  the  lateral  spines  figured  by  MdJnch  (1952,  tafel  2)  are  definitely 
stiffer  and  shorter  while  the  virgula  is  long  and  tenuous.  Further  work  may 
show  that  Cl.  aff.  trifilis  is  actually  a  new  species  peculiar  to  northern 
Canada . 

Cl  imacograptus  innotatus.  Cl .  rectangularis.  Cl .  scalaris.  Cl . 
scalaris  normal  is,  _D.  modestus  n .  subsp.  X,  GJ .  incertus,  Gl .  serratus  ?, 
Gl .  tamariscus,  and_0.  ex  gr.  truncatus  are  intimately  associated  with 
C I .  aff .  trifilis  in  this  section.  Thus,  the  age  of  this  form  is  Early 
Silurian  and  probably  older  than  the  M.  cyphus  Zone. 


Cyrtograptus  canadensis  sp.  nov. 

Text  fig.  lb;  Plate  III,  figs.  8-13,  Plate  IV,  fig.  1-3 
Holotype.  JE—  1  —66,  290/A. 

Horizon .  Zone  of  _M.  spiral  is  (Subzone  of  Stom.  grandis)  and  zone-unit  of  C. 
canadensis  and  C.  lapworthi. 

Discussion .  A  very  abundant  and  wel I  preserved,  previously  undescribed, 

cyrtograptid  occurs  in  the  latest  Llandoverian  and  earliest  Wenlockian  of 
the  Clearwater  Creek  section.  This  form  is  formally  designated  C.  canadensis 
sp.  nov. 

The  total  rhabdosome  is  up  to  14  cm.  in  diameter  and  bears  up  to 
16  simple  cladia  (23  cladia  in_C_.  cf.  canadensis  collected  in  the  Arctic 
Islands).  The  main  stipe  is  about  10  cm.  long  and  spirally  coiled  prox- 
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imally  through  2  1/2  full  circles. 

Thecae  on  the  main  stipe  occur  on  the  convex  side,  are  subtriang- 
ular  with  hooked  apertural  portions  (directed  proximal ly)  and  bear  long 
(up  to  2.0  mm.)  spines  projecting  from  the  top  of  the  apertural  hood.  (See 
pi.  Ill,  fig.  13  for  thecal  form.). 

The  main  stipe  width  is  0.7  mm.  proximal  ly  increasing  to  2.0  mm. 

(max.)  distally  exclusive  of  apertural  spines  (interthecal  width  0.4  mm.  to 

1 .0  mm.).  Thecal  density  is  8-1  1  th./lO  mm.  on  the  main  stipe. 

25  30 

The  first  cladium  arises  at  about  th  to  th  and  with  the  exception 

12 

of  cl  and  cl  ,  which  are  separated  by  3  to  9  thecae,  the  thecal  spacing  is 
regular,  3  thecae  up  to  cl ^  and  4  thecae  thereafter. 

Plate  III,  figs.  8  and  13,  and  text  fig.  lb  show  the  mode  of  rami¬ 
fication,  that  is,  simple  branching  from  the  thecal  aperture. 

The  first  thecal  segment  of  each  cladium  is  3.0  to  4.0  mm.  long 
and  has  a  dorso-ventral  width  of  0.3  to  0.5  mm.  The  cladia  widen  to  a 
maximum  width  of  1.2  to  1.9  mm.  (excluding  spines)  (inter-thecal  width 
1 .0  to  1 .4  mm.).  The  longest  cladium  measures  13.5  cm.  long  and  they 
generally  exhibit  dorsal  curvature.  The  typical  nature  of  the  cladia  is 
seen  in  pi.  Ill,  figs.  8  and  13  in  which  the  thecae  are  spined  but  not 
hooked  as  suggested  in  text  fig.  lb. 

This  new  species  bears  some  resemblance  to  C.  kirki  (Ruedemann, 
1947),  C.  insectus  (Boucek,  1933),  especially  to  C.  Solaris  (Boucek, 

1933).  Boucek  (pers.  comm.,  1967)  has  examined  the  thesis  forms  and 
agrees  that  they  are  distinct  from  all  Bohemian  species. 

The  author  feels  strongly  that  C.  canadensis  transgresses  the 
Llandoverian-Wen lockian  boundary.  In  its  lower  occurrences  it  is 
intimately  associated  with  M.  spiral  is,  Stom.  grandis,  M.  sartorius. 
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M.  spinulosus,  M.  griestoniensis,  and  Retiolites  geinitzianus  which  are 
all  typical  Llandoverian  forms.  Also  associated,  especially  in  the  upper 
range  of  C.  canadensis,  are  good  Wenlockian  forms  such  as  M.  capillaceus, 
M.  vomerinus  basilicus,  M.  vomerinus  gracilis,  and  M.  riccartonensis. 
Cyrtograptus  lapworth?  occurs  throughout  the  range  of  the  new  species. 

This  species  is  confined  to  the  latest  Llandoverian  in  Bohemia  (Boucek,  1933) 
but  the  author  feels  that,  in  deference  to  the  total  faunal  assemblage, 
the  uppermost  occurrences  of  C.  canadensis  and_C.  lapworthi,  in  exclusion 
of  M.  spiralis  and  Stom.  grandis,  are  Wenlockian  in  terms  of  the  European 
sections.  C.  rigidus ?  occurs  immediately  above  the  last  occurrence  of 
C .  canadensis  in  the  Clearwater  Creek  section. 

Re-examination  of  Lenz  and  Jackson's  (1964)  Clearwater  Creek 
specimens  show  that  their  C.  aff.  multiramis  is  a  junior  synonym  of  C. 
canadensis.  There  is  a  possibility  that  Thorsteinsson 's  (1958)  C.  n.  sp.  A. 
aff.  C.  Solaris  is  also  in  synonymy  with  C.  canadensis. 

Cyrtograptus  canadensis  is  described  in  detail  in  a  forthcoming 
paper  by  Dr.  D.E.  Jackson  and  the  author  (Jackson  and  Etherington,  in 
prep.). 


Cyrtograptus  (?)  cf.  gracilis  (Boucek) 

Plate  V,  fig.  1 

1952  Cyrtograptus  (?)  gracilis  (Boucek).  Boucek  and  Pribyl,  Contrib.  to  our 
knowledge  of  cyrtograptids  from  the  Silurian  of  Bohemia  etc.,  p.  11, 
text  figs.  3a-d,  pi.  IV,  fig.  7. 

Hypotype.  JE— 1 —66,  350-353/6. 

Horizon.  Zone  of  M.  testis. 

Discussion.  Abundant  fragments  of  this  delicate  species  are  found  throughout 
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the  Upper  Wen  lock  beds.  This  fragmented  preservation  seems  also  to  be 
characteristic  of  most  European  specimens.  The  hypotype  plainly  shows 
primary  ramification  but  second  order  ramification  is  never  clearly  illus¬ 
trated. 

The  rhabdosome  is  typically  very  gracile  with  a  maximum  width  of 
0.5  mm.  (0.3-0. 5  mm.).  The  thecae  are  hooked  and  tubular  but  often 
appear  as  only  short  beaks  on  the  rhabdosome  due  to  their  close  oppression 
to  the  axis.  Thecal  density  is  6-7  th./lO  cm. 

Fig.  1  shows  the  close  association  with  Gothograptus  nassa?.  Also 
associated  are  M.  cf.  lotus,  C.  cf.  lundgreni,  M.  testis  and  other  Upper 
Wenlockian  forms  (see  Appendix  B). 

This  is  the  first  occurrence  of  this  Bohemian  species  in  northern 
Canada . 


Cyrtograptus  cf.  hamatus  (Baily) 

1901-1918  Cyrtograptus  hamatus  (Baily).  Elies  and  Wood,  Mon.  Brit.  Graph, 
p.  510,  text  fig.  356;  pi.  LI  I,  fig.  3. 

Hypotype.  JE-1-66,  350/22 

Horizon.  Zone-unit  of  C.  cf.  hamatus  and  C.  mancki. 

Discussion .  The  only  branched  form  found  is  that  illustrated  in  text  fig.  16  which 
shows  one  cladium;  however,  several  ujnbranched  specimens  are  present. 

The  thecal  type  on  the  stipe  is  well  shown  in  the  photos,  that  is, 
triangulate  thecae  terminating  in  an  apertural  hook.  The  stipe  has  a 
maximum  width  of  slightly  greater  than  1 .0  mm.  Thecal  density  is  6-7 
th./lO  mm.  The  cladiumis0.7  mm.  wide  (max.).  Cladial  thecae  are 
long,  highly  inclined,  simple  tubes. 

The  species  is  separated  from  C.  lundgreni  by  its  inferior  width  and 
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smaller  thecae.  These  two  species  are  never  found  together.  The  associated  fauna 
of  C.  cf.  hamatus  and  ?C.  hamatus  includes  C.  mancki,  M.  flemingii,  M. 
f lemingii  primus,  M.  priodon,  and  M.  vomerinus. 

Cyrotograptus  lapworthi  Tullberg 
Plate  V,  figs.  4— 10,  14 

1933  Cyrtograptus  lapworthi  Tullberg.  Boucek,  Mon.  Svrchnosilurskych  Grapt. 

z  Celedi  Cyrtogr.,  p.  24,  text  fig.  2,  pi.  iii,  fig.  6,  pi.  iv,  figs.  1-3. 
Hypot  ype.  JE— 1 —66,  290/A 

Horizon .  Zone  of  _M.  spiral  is  (Subzone  of  Stom .  grandis)  and  zone-unit  of  C. 
canadensis  and_C_.  lapworth i. 

Discussion .  Although  complete  specimens  are  rare,  fragments,  mostly  of  proximal 
portions,  are  abundant. 

While  typically  showing  only  1  cladium  (as  in  the  hypotype)  one 
form  questionably  assigned  to  this  species  bears  4  cladia  (see  pi.  V,  fig. 
14).  The  thecal  characters  of  the  stipe  are  well  shown  in  pi.  V,  fig.  4; 
these  are  short  tubular  forms  terminating  in  either  a  distinctive  hook  or 
attenuated  beak.  The  main  st’rpe  is  1.0-1. 5  mm.  wide  with  the  inter- 
thecal  width  occupying  1/2  to  2/3  of  that  dimension.  The  thecae  are 
spaced  5-6  in  5  mm.  The  rhabdosome  assumes  the  general  curved  shape 
of  those  figured  by  Boucek  (1933).  The  retroverted  distal  portions  of  the 
stipe  in  the  hypotype  is  a  feature  of  preservation,  not  a  characteristic 
of  the  species. 

Plate  V,  fig.  7  shows  the  typical  abrupt  proximal  termination 
with  minor  thinning  (1 .0-1 .5  to  0.5  mm.).  Cyrtograptus  sp.  I,  although 
similar  in  most  respects  to  lapworthi,  has  a  distinct  and  lengthy,  att¬ 
enuated  proximal  portion  (see  pi.  VI,  fig.  6).  This  form  (which  is 
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described  later  in  this  text)  may  be  a  new  sub-species  of  C_.  lapworthi . 

Nearly  coincident  with  the  range  of  C.  lapworthi  is  the  new 
species  _C_.  canadensis.  In  their  lower  occurrences  these  forms  are 
accompanied  by  Stom .  grandis  and  typical  Llandoverian  fauna  but  in  the 
uppermost  portion  typical  Wenlockian  forms  appear  (e.g.  M.  capillaceus/ 
M.  r?ccartonensis/  and  M.  vomerinus  gracilis.  Boucek  and  Pribyl  (1952) 
insist  that  C.  lapworthi  is  confined  to  the  M.  spiralis  and  Stom.  grandis 
Zones  of  Bohemia . 

Cyrtograptus  lundgreni  Tull  berg 
Text  figs.  Id,  e;  Plate  V,  figs.  11-13,  Plate  VI,  figs.  1,2. 

1883  Cyrtograptus  lundgreni  Tullberg,  Skanes  Graptoliter,  II,  p.  36,  taf.  11, 
figs.  18-24. 

1901-1918  Cyrtograptus  lundgreni  Tullberg.  El les  and  Wood,  Mon.  Brit.  Grapt., 
p.  507,  text  figs.  353a,  b,  pi.  lii,  figs,  la-c,  non  d.* 

1933  Cyrtograptus  lundgreni  Tullberg.  Boucek,  Mon.  Svrchnosilurskych  Grapt. 
z  Celedi  Cyrtograptidae,  p.  50,  text  figs.  9a-3,  pi.  iv,  figs.  4-6. 

Hypotype.  JE—  1  —66,  320-380/B. 

Horizon.  Zone  of  M.  testis. 

Discussion.  The  only  complete  C.  lundgreni  were  confined  to  the  320-380  feet 

talus  sample;  however,  abundant  fragments  assignable  to  the  species  occur 
throughout  the  M.  testis  Zone. 

Those  ?C.  lungreni  (proximal  fragments)  illustrated  in  pi.  V  and 
pi.  VI  perfectly  match  those  illustrated  in  Boucek  (1933,  pi.  IV,  fig.  6). 
The  thecae  in  those  broadly  curved  proximal  portions  project  as  broad, 
robust  hooks  occupying  up  to  2/3  of  the  total  rhabdosome  width. 

*  El  I  es  and  Wood's  (1901-1918)  pi.  lii,  fig.  Id  showing  11  cladia  is  not  C. 
lundgreni,  but  C.  ramosus  (Boucek,  1933). 
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Forms  bearing  one  cladium  are  the  most  common,  however,  several 
specimens  bear  2  and  rarely  3  cladia.  The  cladial  separation  is  obscure 
but  appears  to  be  3  to  5  thecae.  Text  fig.  Id  shows  the  mode  of  ramification. 
Text  fig.  le  illustrates  the  cladial  thecae  which  are  closely  oppressed  to  the 
broad  (1.5  mm.  max.  )  branch. 

PI.  VI,  fig.  2  shows  the  proximal  attenuation  of  this  species  (expands  from 
0. 1  mm .  to  0. 7  mm .  in  12  thecae).  The  most  proximal  thecae  are  so  small  and 
oppressed  that  they  are  obscure;  the  sicula  is  not  apparent.  Proximal ly  the 
thecal  is  5th. /5m  and  is  the  same  on  the  cladia. 

The  general  rhabdosome  shape  is  typically  subcircular  but  not  enrolled. 

The  associated  forms  in  this  section  are  C.  (?)  cf.  gracilis,  Gothogr. 
nassa  ?,  G.  aff.  nassa,  M.  irfonensis,  M.  f  lemingii,  M.  jaekeli  ?,  M.  priodon, 
M.  testis,  M.  vomerinus,  and  Spinogr .  cf.  sp?nosus„  M.  cf.  nilssoni  in  the 
320-380  feet  sample  could  be  an  erratic  or  may  be  a  fragment  related  to  Elies 
and  Wood's  ( 1 90 1  —  191 8) _C_.  carruthers  .  C.  mancki  and  C.  cf.  hamatus  are 
not  found  associated  with  C.  lundgren ?  in  the  thesis  section. 


raptus  mancki  Boucek 
Text  fig.  If;  Plate  VI,  fig.  3. 

1933  Cyrtograptus  mancki  Boucek,  Mon.  Svrchnosilursky  Grapt.  z  Celedi  Cyrtograptidae, 
p.  60,  text  figs.  13a  and  14. 

Hypotype.  JE-1-66,  350/3. 

Horizon .  Zone-unit  of  C.  cf.  hamatus  and  C.  mancki  (C.  cf.  mancki  from  zone- 
unit  of  M_.  cf .  latus  and  C .  (?)  cf.  gracilis) . 

Discussion .  Only  one  specimen  in  the  section  is  definitely  assigned  to  C.  mancki. 

A  further  group  of  specimens  from  the  Upper  Wenlock  (text  fig.  If)  show  the 
typical  thecae  and  ramification  but  are  obscured  by  their  own  density. 
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The  hypotype  shows  the  typical  cladial  spacing,  that  is,  they  are 
separated  by  one  thecae.  This  is  in  contrast  to  C.  trill eri  and  C.  radians 
which  branch  after  every  2  thecae. 

The  stipe  thecae  illustrated  are  prominent,  hooked,  attenuated  tubular 
forms,  and  are  4th.  /  3  mm.  These  thecae  occupy  0.65  mm.  of  the 

1.0  mm.  total  rhabdosome  width.  The  cladial  thecae  are  straight  to  slightly 
sigmoidal,  highly  inclined,  and  overlap  1/3  to  1/2. 

The  thecal  shape,  cladial  separation,  and  mode  of  ramification  of  the 
forms  in  text  fig.  If  designate  them  as  C.  cf.  mancki . 

Although  neither  of  the  thesis'  occurrences  of  this  species  are  assoc¬ 
iated  with  M.  testis,  there  are  indications  that  they  occupy  strata  in  tentative 
subzones  of  the  Zone  of  M.  testis.  Supporting  this  hypothesis  is  the  association 
of  C.  (?)  cf.  gracilis  and_C.  cf.  hamatus.  In  addition  to  the  associated 
typical  Late  Wenlockian  monograpfids  is  M.  cf.  latus  which  is  not  recorded 
above  the  M.  riccartonensis  Zone  in  Bohemia  (Boucek,  1933).  However, 
Thorsteinsson  (1958)  lists  this  species  from  the_C.  perneri  Zone  in  the  Canadian 
Arctic  Islands.  It  is  appreciated  that  neither  Mj,  cf.  latus  nor  C.  mancki 
have  been  previously  found  in  northern  Canada  and  their  ranges  may  differ 
in  this  region . 


Cyrtograptus  rigidus?  Tullberg 
Text  fig.  2a . 

1901-1918  Cyrtograptus  symmetricus  Elies.  El les  and  Wood,  Mon.  Brit.  Graph, 
p.  509,  text  fig.  355;  pi.  li,  figs,  5a-c. 

1933  Cyrtograptus  rigidus  Tullberg.  Boucek,  Mon.  Svrchnosilursky  Graph  z 
Celedi  Cyrtograptidae,  p.  41,  text  figs.  8c,  d;  pi.  v,  figs.  7,8. 
Hypotype.  JE— 1 —66,  310/8. 
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Horizon.  Zone  of  M.  riccartonensis  and  zone-unit  of  C.  rigidus?. 

Discussion .  Rare  fragments  of_C_.  rigidus  are  found  in  the  Lower  Wen  lock  (sensu 
Boucek,  1953)  beds  of  the  section. 

The  hypotype  is  comparable  to  Boucek's  illustrated  form  (1933,  pi. 
v,  fig.  7).  The  first  and  only  cladium  preserved  arises  from  the  5th  preserved 
theca  .  The  robust  stipe  (1 .0  mm.  max.  width )  and  cladium  (1 .0  mm.  max. 
width  approach  but  do  not  match  exactly  Elies  and  Wood's  (1901-1818)  C. 
symmetricus.  The  thecal  shape,  sharply  attenuated  hooked  tubes  on  the  stipe 
and  oppressed  simple  tubes  on  the  cladium,  mode  of  ramification  of  the  hypo- 
type  is  typical  of  C .  rigidus. 

Although  the  hypotype  closely  matches  C.  rigidus,  other  fragments  in 
the  section  designated_C.  rigidus?  are  very  tentative  due  to  their  poor  pres¬ 
ervation  . 

The  hyptotype  is  found  in  association  with  M_.  capil laceus  and  M. 
riccartonensis  indicating  the  Zone  of  M.  riccartonensis.  Higher  occurrences 
of  C.  rigidus ?  associated  with  the  rare  M_.  riccartonensis  are  thought  to 
represent  a  zone-unit  of  C.  rigidus?. 

Thus  although  present  in  the  Clearwater  Creek  section,  this  species  is 
not  as  stratigraphical ly  diagnostic  as  in  European  sections. 

Cyrtograptus  sp.  D 
Text  figs,  lb,  c:  Plate  VI,  fig.  4. 

Hypotype.  JE— 1 —66,  280/11 

Horizon .  Zone  of_M.  spiralis  (Subzone  of  Stom.  grand  is). 

Discussion.  Two  fragmentary  cyrtograptids  occur  in  the  Subzone  of  Stom.  grandls 
which  cannot  be  assigned  to  any  previously  described  species. 

The  specimens  yield  the  following  measurements: 


. 
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max.  length  of  stipe  preserved  -  7.0  cm. 
max.  length  of  cladia  preserved  -  2.4  cm. 
max.  width  of  stipe  -  1 . 4- 1 .5  mm. 
max.  width  of  cladia  -  1 . 4-1 .5  mm. 
thecal  density  on  stipe  -  9th.  /  10  mm. 
thecal  density  on  cladia  -  9-10  th.  /  10  mm. 

Nine  cladia  are  preserved  on  the  photographed  specimen.  On  both 
specimens  the  cladia  are  separated  by  4-5  thecae.  The  stipe  thecae,  as 
preserved  in  the  hypotype,  are  closely  oppressed,  triangular  forms  sharply 
attenuated  and  almost  spinose  on  the  apertural  extremities.  The  cladial  thecae 
are  of  the  same  type. 

Dr.  D.E.  Jackson  (pers.  comm.,  1967)  has  recognized  similar  forms  in 
the  Upper  Llandoverian-Lower  Wenlockian  beds  of  Greenland.  His  specimen 
is  completely  preserved  showing  an  enrolled  proximal  portion  and  a  long 
straight  distal  portion  bearing  stiff  cladia.  This  is  undoubtedly  the  same  form 
as  C.  sp.  D.  Although  Dr.  Jackson  feels  that  these  specimens  are  related  to 
the  new  species  C.  canadensis,  the  author  thinks  it  is  a  unique  and  previously 
undescribed  form.  Only  Russian  species  of  Uralograptus  bear  any  resemblance 
to  it. 

Associated  with  C.  sp.  D  are  ?C.  canadensis,  C.  cf.  lapworthi,  M. 
cf.  falx,  M.  griestoniensis,  M.  priodon,  M.  sartorius,  M.  aff.  scanicus,  M. 
spiralis,  M.  vomerinus,  M.  vomerinus  cf.  basilicus,  and  Retiolites  geinitzianus. 

It  may  beauseful  stratigraphic  fossil  in  the  Upper  Llandoverian  strata 
of  northern  Canada  and  the  Arctic. 
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Cyrtograptus  sp .  I 
Plate  VI,  fig.  6 

Hypotype.  JE-1-66,  305/A 

Horizon .  Zone-unit  of  C.  canadensis  and  C_.  lapworthi. 

Discussion .  This  previously  undescribed  form  may  be  designated  as  a  subspecies  of  C. 
lapworthi  after  further  work.  There  are  a  few  specimens  which  although  they 
show  the  thecal  type  and  mode  of  ramification  of  C.  lapworthi,  are  characterized 
by  a  long  attenuated  proximal  portion  in  contrast  to  an  abruply  ending,  shorter 
proximal  portion  in  il lustrated  forms  of  C.  lapworthi  (e.g.  in  Boucek,  1933, 
pi.  iv,  figs.  1-3). 

The  most  proximal  portion  preserved  is  0.4  mm.  wide  while  this  width 
only  increases  to  1 .0  mm.  by  the  5th  exposed  thecae  and  to  slightly  less  than 
1.0  mm.  at  the  first  cladium.  The  maximum  width  recorded  in  the  distal 

portion  is  1 .2  mm. 

Proximal  thecae  are  spaced  7  th.  /  10  mm.  while  distal  thecae  are 
slightly  more  closely  spaced  (7-8  th.  /  10  mm. ) . 

A  second  proximal  portion  crossing  the  hypotype  at  the  5th  thecae 
appears  as  a  pseudo  cladium  on  first  inspection.  Plate  VI,  fig.  8  shows  thin 
rhabdosomes  thought  to  be  proximal  portions  of  this  species. 

The  only  cladium  preserved  on  the  hypotype  arises  at  the  16th 
preserved  thecae.  The  thecae  on  the  cladium  are  of  the  same  type  as  on  the 
stipe  but  are  more  closely  oppressed. 

The  author  feels  confident  that  C .  sp.  I,  whether  a  subspecies  of  C . 
lapworthi  or  a  new  species,  will  be  a  diagnostic  form  of  lowermost  Wenlockian 
strata,  here  designated  as  the  zone-unit  of  C.  canadensis  and  C.  lapworthi . 
Cyrtograptus  sp.  I  is  confined  to  this  horizon  and  is  further  associated  with 
the  typical  Wenlockian  forms  M.  capillaceus,  M.  riccartonensis  and  M. 
vomerinus  cf.  gracilis.  (See  Appendix  B  for  total  associated  fauna.) 


' 
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Diplograptus  modesfus  Lapworth  n.  subsp.  X 
Text  figs.  2d-f;  Plate  VII,  figs.  1-6 

1901-1918  Diplograptus  (Mesograptus)  modes tus  Lapworth.  Elies  and  Wood,  Mon. 

Brit.  Grapt.,  p.  263,  text  figs.  180a-c;  pi.  xxxi,  figs,  lla-c. 

Hypo type.  JE— 1 —66,  110/6. 

Horizon .  Zone-unit  of  Cl .  aff.  trifilis  and  D.  modestus  n.  subsp.  X. 

Discussion.  One  of  the  more  common  forms  of  the  Lower  Silurian  of  the  Clearwater 
Creek  section  is  the  previously  undescribed  form,_D.  modestus  n .  subsp.  X. 

The  distinguishing  feature  of  this  biserial  form  is  the  prominent  inter- 
thecal  septum  extending  almost  to  the  equally  prominent  median  septum.  The 
thecal  shape  is  variable  and  creates  confusion  in  identification  as  it  bears 
similarities  to  mesograptid,  amplexograptid,  glyptograptid  and  orthograptid 
thecae.  Most  specimens  show  a  slightly  proximally  (inward)  inclined,  straight 
supragenicular  wall.  The  excavations  which  make  up  about  1/3  of  the  outer 
margin  are  outlined  by  an  elliptical  infragen icu lar  wall.  The  upper  and  axial- 
ward  boundary  of  the  infragenicular  wall  is  formed  by  the  outward  curved 
extremity  of  the  straight  to  sigmoidal  interthecal  septum  while  the  base  of 
the  excavation  is  the  flat  or  concave  top  of  the  succeeding  lower  thecae. 

This  description  is  reminiscent  of  features  illustrated  in  Elies  and  Wood's 
(1901-1918,  text  figs.  180b,  c)  D.  modestus.  Plate  VII,  fig.  5  probably 
best  illustrated  these  features  in  the  thesis  fauna. 

In  other  specimens  (e.g.  pi.  VII,  figs.  1,  2  and  text  fig.  2d)  the 
thecae  are  straight,  simple  tubes  overlapping  1/3  to  1/2  and  are  very 
similar  to  those  of  Orthograptus. 

The  following  measurements  characterize  this  new  subspecies: 

rhabdosome  length  preserved  -  1.5  cm.  (max.) 

width  of  rhabdosome  -  1  .6-2.0  mm.  (1  .2  in  proximal  end) 
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thecal  density  -  14  th.  /  10  mm. 

extent  of  excavation  -  1/4  to  1/3  of  the  width  of  the  rhabdosome. 

Text  figure  2f  illustrates  the  short  sicula  with  a  thin,  short  virgella. 

Also  apparent  is  the  rapid  widening  of  the  rhabdosome;  it  reaches  its  maximum 
width  by  the  second  set  of  thecae. 

The  distal  extremity  (see  text  figs.  2d,  e)  is  characteristically  flat 
and  the  virgula  extends  conspicuously. 

The  assignment  of  the  thesis  form  to  the  species  D.  modestus  is  tentative 
for  it  may  be  a  new  species  or  even  a  new  genus  of  general  diplograptid  type. 

Diplogratpus  modestus  n.  subsp.  X  is  confined  to  the  basal  108  feet  of 
the  graptolite  bearing  portion  of  the  Clearwater  Creek  section  in  association 
with  Cl .  innotatus.  Cl .  cf.  medius.  Cl.  rectangu laris.  Cl.  scalaris,  CL 
scalaris  norma  I  is,  O .  cf.  vesiculosus,  O.  cf.  vesiculosus  penna,  O.  ex  gr. 
truncatus  and  £.  elongatus  I inearis. 

?Diversograptus  (?)  pergracil is  (Boucek) 

Text  figs.  2g-i 

1933  Diversograptus  (?)  pergracil  is  Boucek,  Mon.  Svrchnosilurskych  Grapt.  z 
Celedi  Cyrtograptidae,  p.  70,  text  fig.  17b;  pi.  vi,  figs.  5,6. 

Hypotype.  JE-1-66,  270-300/17. 

Horizon .  Zone  of_M.  spiralis  (Subzone  of  Stom.  grandis)  and  zone-unit  of  C. 
canadensis  and  C_.  lapworthi . 

Discussion .  Text  fig.  2h  shows  what  is  thought  to  be  the  proximal  portion  diagnostic 
of  Diversograptus.  The  other! i I  lustrated  specimens  show  the  branching  and 
thecae  typical  of  Div.  (?)  pergracil  is  in  fragments  which  are  quite  abundant  in 
the  270-300  talus  sample.  The  branches  are  typically  separated  and  fragmented, 
those  that  are  preserved  are  frequently  reflexed  across  the  primary  branch 
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obscuring  the  mode  of  attachment. 

This  form  is  easily  separated  from  Div.  ramosus  by  its  thinner,  weaker 
branched,  and  more  oppressed  thecal  tubes  which  are  preserved  as  short  beaks 
rather  than  distinctive  hooks. 

?Diversograptus  (?)  pergracil is  has  not  been  previously  recorded  from 
northern  Canada.  The  Clearwater  Creek  occurrences  are  from  the  uppermost 
Llandoverian  and  lowermost  Wenlockian  strata.  This  is  a  stratigraphical ly 
higher  occurrence  than  those  forms  found  in  Bohemia  (Munch,  1952)  which 
define  the  Subzone  of  Div .  pergracil  is. 

Diversograptus  cf.  ramosus  Manck 
Text  figs.  2j-l;  Plate  VII,  fig.  7 

1952  Diversograptus  ramosus  Manck,  Munch,  1952,  Die  Grapt.  a.d.  anstehenden 
Gotlandium  Deutschlands  und  der  Tschechoslowakci,  p.  131,  taf,  41,  figs, 
la,  b,  taf.  45,  figs.  2a,  b. 

Hypotype.  JE-1-66,  215/17. 

Horizon .  Zone  of  _M.  turricu latus 

Discussion .  This  species  is  sparsely  represented  by  gracile  fragments  showing  profuse 
branching.  No  proximal  portion  showing  the  characteristic  divergence  was 
found. 

The  width  (0.5.  mm.  max.  )  and  prominent  hooked  thecae  separate 
this  species  from  the  other  diversograptids.  On  the  other  hand,  C.  grayae 
(from  Boucek  and  Pribyl,  1952),  which  shows  gross  similarity,  is  stouter  and 
the  thecae  are  more  prominent. 

Unbranched  fragments  were  initially  assigned  to  M.  barrandei  and 
M.  gemmatus  but,  considering  their  equivalence  in  thecal  form  to  Div.  cf. 
ramosus,  they  are  now  designated  ?Div.  ramosus  (see  text  figs.  2k,  1). 
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Monograptus  turriculatus  and  forms  listed  in  that  zone  are  associated 
(see  Appendix  B). 


Glyptogra ptus  incertus  Elies  and  Wood 
Plate  VII,  figs.  8,  9. 

1901-1918  Glyptograptus  tamariscus  var.  incertus  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  249,  text  figs.  168a,  b;  pi.  xxx,  figs.  9a-d. 

1962  Glyptograptus  incertus  Elies  and  Wood.  Packham,  British  Silurian  diplograptids, 
p.  518,  text  figs.  4a-d,  pi.  72,  figs.  6,7. 

Hypo  type.  JE-2-66,  33-73/A. 

Horizon .  Zone-unit  of  Cl.  aff.  trifilis  and  D.  modestus  n.  subsp.  X  and  questionably 
in  the  Zones  of  M.  gregarius  to  M.  sedgwicki. 

Discussion .  One  of  the  most  abundant  forms  in  the  lowest  beds  of  the  study  section  is 
Gl .  Incertus. 

The  illustrated  specimens  show  the  typical  glyptograptid  thecae,  that  is, 
they  show  good  sigmoidal  curvature.  The  rhabdosome  widens  quickly  (0.7-0. 8 
mm.  at  the  1st  pair  of  thecae)  to  a  maximum  width  of  2  mm.  (1 .6-1 .7  mm.  av.) 
and  thence  is  essentially  parallel  sided.  Thecal  density  in  the  hypotype  is 
12-13  th/  10  mm.  and  the  excavations  are  distinctly  alternate. 

The  thesis  specimens  vary  from  the  European  forms  in  being  slightly  more 
robust  (slightly  wider)  and  are  considerably  longer  (thesis  forms  up  to  50  mm. 
long  vs.  max.  length  -  23  mm.  in  British  specimens).  The  specimens  are 
certainly  too  wide  for  Gl .  tamariscus  ss.  (which  rarely  exceeds  1 . 0  mm. )  but 
may  be  a  new  variant  of  Gl.  incertus  or  Gl.  tamariscus  peculiar  to  northern 
Canada . 


This  species  has  not  been  previously  recorded  from  northern  Canada  and 
indeed  few  Silurian  glyptograptids  are  listed  from  this  region.  The  associated 
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fauna  indicates  an  older  age  than  that  given  for  this  form  in  British  sections  . 

(O .  vesiculosus  and  Akidogr.  acuminatus  Zone  equivalent  beds  in  Clearwater 
Creek  vs.  AA.  convolutus  and  M.  sedgwicki  Zones  in  Britain). 

Glyptograptus  serratus?  Elies  and  Wood 
no  figure 

Two  poorly  preserved  glyptograptids  in  this  section  are  very  questionably 
referred  to  Gl.  serratus?  based  on  their  great  width.  Both  may  be  products  of 
compaction  of  GL  tamariscus  types. 

Glyptograptus  tamariscus  Nicholson 
Plate  Vll,  fig.  10 

1901-1918  Glyptograptus  tamariscus  Nicholson.  Elies  and  Wood,  Mon.  Brit.  Graph, 
p.  247,  text  figs.  167a-d;  pi.  xxx,  figs.  8a-d. 

1962  Glyptograptus  tamariscus  Nicholson.  Packham,  British  Silurian  graptolites,  p. 

501,  text  figs,  la-d;  pi.  71,  figs.  1-4,  7-17,  pi.  72,  fig.  8. 

Hypotype.  JE-1-66,  105/21. 

Horizon .  Zone-unit  of  CL  aff.  trifilis  and  D.  modestus  n.  subsp.  X  and  Zones  of 
M.  gregarius  and  M.  sedgwicki. 

Discussion .  The  characteristic  glyptograptid  sigmoidal  thecae  are  present  but  not 

prominent  in  the  hypotype  which  due  to  compression  appear  pseudocl imacograptid 
Glyptograptus,  although  commonly  listed  (see  Appendix  A),  was  perhaps  often 
used  to  designate  poorly  developed  GL  incertus  forms. 

The  illustrated  specimen  is  typically  slightly  less  than  1  mm.  wide  but 
no  longer  than  9  mm.  The  proximal  and  distal  ends  are  poorly  preserved. 

Again  the  Clearwater  Creek  occurrences  seem  to  be  stratigraphically 
lower  than  those  in  Britain. 
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Gothograptus  nassa  ?  (Holm) 

Plate  V,  fig.  1  . 

1901-1918  Retiolites  (Gladiograptus)  nassa  (Holm).  Elies  and  Wood,  Mon.  Brit.  Graph, 
p.  343,  text  fig.  225,  pi.  xxxiv,  figs.  15a-d. 

1952  Gothograptus  nassa  (Holm).  Munch,  Die  Grapt.  a.  d.  anstehenden  Gotlandium 
Deutschlands  und  der  Tschechslowakci,  p.  82,  tav.  16b,  figs.  la,b. 

Hypotype.  JE-1-66,  350-353/6. 

Horizon .  Zone  of  M.  testis. 

Discussion .  Two  poorly  preserved  net-bearing  graptolites  from  the  Zone  of  M.  testis 
are  questionably  assigned  to  this  species.  The  hypotype  shows  the  typical 

i 

minute,  regular  mesh  of  subcircular  pores,  cfathria  are  not  apparent.  The 
width  (1.3-1. 5  mm.)  is  unusually  great  when  compared  to  European  forms 
(1.0-1. 3  mm.).  The  rhabdosome  margin,  although  obscure,  appears  to  bear 
widely  separated  thecal  excavations.  Further  comment  is  not  warranted  by  such 
a  poor  specimen . 

Several  indeterminate  net-bearing  graptolites  occur  in  the  360-foot 
sample  and  are  questionably  referred  to  the  genus  Gothograptus.  A  much  wider 
form  associated  with  the  hypotype  is  termed  G.  aff.  nassa. 

Gothograptus  aff.  nassa  (Holm) 

Hypotype.  JE-1-66,  350-353/5 

Horizon .  Zone  of  M,  testis. 

Discussion .  This  form  is  represented  by  a  single  partially  preserved  specimen.  While 
bearing  similar  round  to  polygonal  mesh,  the  rhabdosome  is  1. 8-2.0  mm. 
wide  compared  to  1.0  mm.  average  in  the  British  species.  There  seems  to  be 
a  vague  row  of  medial  pores  or,  at  least,  the  mesh  is  not  regular.  Although 
no  good  clathria  exist  ,  the  poorly  preserved  virgula  appears  to  be  offset 
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to  the  left  (as  shown  in  text  fig.  3a)  indicating  oblique  compression. 

The  thecae  consist  of  marginal  excavations  (density  5-6  th.  /  5  mm.)  and 
in  places  appear  to  bear  short  apertural  spines.  This  feature  may,  again,  be 
a  result  of  oblique  compression  which  gives  the  broken  edge  of  the  mesh  a 
pseudomargin  appearance. 

Gothograptus  aff.  nassa  resembles  Waterlot's  (1945,  fig.  245)  illustrated 
specimen  of  Retiol ites  (Gladiograptus)  spinosus;  however,  the  author  questions 
the  synonomy  of  Waterlot's  form  with  Wood's  type  species  (seen  in  Elies  and  Wood, 
1901-1918). 


Monograptus  acus  Lapworth 
Plate  VIII,  figs.  1-3 

1901-1918  Monograptus  acus  Lapworth.  E! les  and  Wood,  Mon.  Brit.  Grapt.,  p.  431, 
text  fig.  294;  pi.  xliii,  figs.  7a-c. 

Hypotype.  JE-1-66,  250-263/31. 

Horizon .  Zone  of_M.  spiralis  (and  Subzone  of  Stom.  grandis) . 

Discussion .  Several  specimens  from  the  M.  spiralis  Zone  are  referred  to  this  species. 

The  hypotype  shows  the  typically  reflexed  rhabdosome;  the  thecae  in 
the  proximal  portion  are  on  the  concave  margin  while  those  of  the  distal  port¬ 
ion  are  on  the  dorsal  side.  The  rhabdosome  widens  slowly  from  0.7  mm.  to 
1 .7  mm.  in  the  most  distal  portion. 

The  thecae  are  of  the  general  type  of  those  at  the  distal  portion  of 
M.  ha  I  li  (see  pi.  IX,  fig.  17),  that  is,  attenuated  stout  beaks.  The  thecal 
density  in  the  distal  portion  is  10  th.  /  10  mm. 

Although  confined  to  the  Zone  of  M.  crispus  in  Britain,  ^M.  acus 
ranges  throughout  the  lower  and  middle  portions  of  the  M.  spiralis  Zone  in 
the  Clearwater  Creek  section. 
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Monograptus  bohemicus  (Barrande) 

Plate  viii,  figs.  8,  9,  Plate  IX,  figs.  14,  15 

1901-1918  Monograptus  bohemicus  (Barrande).  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  367,  text  figs.  239a-c;  pi.  xxxvi,  figs.  4a-d. 

Hypotype.  JE-1-66,  430-440/B. 

Horizon .  Zone  of  M_.  nilssoni  (Subzone  of  hA.  bohemicus) . 

Discussion.  This  species  is  abundant  in  the  M.  nilssoni  Zone  and  defines  the  Subzone 
of  M.  bohemicus  by  its  range. 

The  hypotype  shows  the  typical  broadly  concave  rhabdosome  (length- 
5-6  cm.),  more  strongly  curved  in  the  proximal  portion.  It  widens  rapidly  from 
0.65  mm.  to  a  maximum  width  of  1 .5  mm.  (up  to  1 .8  mm.  in  associated 
specimens).  The  thecae  are  short,  simple,  broad  tubes  overlapping  about  1/3 
of  their  length  and  showing  wide  apertural  margins.  Thecal  density  is  8-10 
th.  /  10  mm.  The  sicula  is  preserved  (see  pi.  VIII,  fig. 9)  and  measures  slightly 
less  than  1  mm.  long.  A  short,  stout  virgella  is  clearly  shown. 

Several  forms  approach  2,2  mm.  in  width  (see  pi.  IX,  fig.  14)  and  are 
up  to  100  mm.  long.  The  distal  portions  are  essentially  straight. 

In  contrast,  some  specimens  assigned  to  M.  bohemicus  are  less  than 
1.5  mm.  wide  (sometimes  only  1  mm.).  These  specimens  may  be  confused 
with  M.  nilssoni.  They  are  separated  on  thecal  form  and  thecal  overlap; 
however,  distal  thecae  of  these  forms  tend  to  become  slightly  sigmoidal  and 
do  not  have  as  much  overlap.  These  specimens  are  reminiscent  of  Ruedemann's 
(1948)  questionable  form,__M.  nilssoni  crassus  which  exhibit  this  thecal  type 
and  are  up  to  1 .5  mm.  wide. 

There  does  seem  to  be  some  gradation  between  JV.  bohemicus  and 
M.  nilssoni.  Neither  are  as  morphologically  distinct  as  thought  by  Elies 


and  Wood  (1901-1918). 
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Consistently  shorter  representatives  of  the  species  are  present  in  the 
Whittaker  and  Delorme  Ranges  (Etherington,  1966).  These  forms  may  match 
those  found  by  Lenz  (pers.  comm.,  1967)  who  suggests  that  a  subspecies  may  be 
apparent. 

M.  bohemicus  has  always  been  associated  with  M.  nilssoni  in  sections 
in  northern  Canada  examined  by  the  author.  Thorsteinsson's  (1958)  forms  from 
the  Arctic  Islands  which  he  claims  are  never  found  with  M.  nilssoni  are  not 
illustrated  and  cannot  be  compared  to  the  thesis  species. 

Monograptus  capil  laceus  Tu  1 1  berg 
Text  figs.  3b,  c. 

1901-1918  Monograptus  capil  laceus  Tullberg.  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  458,  text  figs.  316a-c;  pi.  xlvi,  figs.  4a-d. 

Hypotype.  JE-1-66,  315/3. 

Horizon .  Zone  of  A4.  spiralis  (Subzone  of  Stom .  grandis)  zone-unit  of^_.  canadensis 
and  C.  lapworthi,  and  Zone  of  M.  riccartonensis. 

Discussion.  This  form  is  sparsely  represented  in  the  section.  The  rhabdosome  is 
greater  than  3  cm.  long,  shows  a  slight  distal  concavity  and  is  strongly 
convex  proximally  it  widens  from  0.35  mm.  to  a  maximum  width  of  1 .0  mm. 

The  sicula  is  not  preserved. 

The  thecae  are  hooked^ oppressed,  and  in  places  slightly  enrolled 
in  the  distal  portion  there  are  9  in  10  mm. 

The  Late  Llandoverian  occurrences  are  associated  with  M.  spiral  is  and 
Stom.  grandis  and  thus  this  age  is  well  documented.  The  range  of  A4.  capillaceus 
in  the  thesis  section  extends  much  lower  than  that  of  British  forms  which  are 
confined  to  the  Zones  of  M.  riccartonensis  and  C.  rigidus. 
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Monograptus  chimaera  (Barrande) 

Text  fig.  3d;  Plate  VIII,  fig.  4. 

1901-1918  Monograptus  chimaera  (Barrande).  Elies  and  Wood,  Mon.  Brit.  Grapt. 
p.  52. 

Hypotype.  JE—  1  —66,  440-445/11 1 J. 

Horizon.  Zone  of_M.  nilssoni. 

Discussion.  A  few  monograptids  in  the  M.  nilssoni  Zone  show  the  characteristic  thecal 
spines  of  M.  chimaera .  These  spines  appear  to  arise  from  the  centre  of  the 
apertural  opening.  The  thecae  are  short,  broad,  simple  tubes  which  overlap 
up  to  2/3  of  their  I  ength.  These  thecae  tend  to  be  closer  to  those  of  M. 
varians  than  to  those  of  M.  colonus. 

The  rhabdosome  is  short  (1.2  cm.  long),  widens  quickly  from  0.5  mm. 
to  a  maximum  of  2.0  mm.  Thecal  density  in  the  hypotype  is  6-9  th.  /  5  mm. 
The  figured  specimen  (text  fig.  3d)  shows  a  short,  stout  virgella. 

The  thesis  forms  are  generally  incomplete  and  poorly  preserved.  M. 
chimaera  occurs  throughout  the  M.  nilssoni  Zone  in  association  with  its 
total  fauna  (see  Appendix  B). 

Monograptus  cl ingani  (Carruthers) 

Text  fig.  3e;  Plate  VIII,  figs.  5,  6. 

1901-1918  Monograptus  cl  ingani  (Carruthers).  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  463,  text  fig.  322a,  b,  pi.  xlvi,  figs.  1  la-f. 

Hypotype.  JE-1-66,  215/4. 

Horizon .  Zones  of  Mj,  gregarius  to  M.  sedgwicki  and  Zone  of  JV\.  turriculatus. 

Discussion .  Monograptus  clingani  is  represented  by  only  a  few  fragmented  specimens. 

The  robust,  broadly  curved  fragment  illustrated  is  typical  of  the  distal 
portion  of  this  species.  They  bear  thecae  of  the  general  M.  lobiferus  type 
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but  do  not  overlap  as  much  and  attenuate  at  the  apertural  extremities.  The 
maximum  width,  1.5  mm.,  and  thecal  density  (10  th.  /  10  mm.)  are  typical 
of  M.  clingani. 

Associated  species  include  M.  leptotheca,  M.  mil lepeda,  M. 
sedgwicki,  and  M.  turriculatus  minor.  (See  Appendix  A  for  total  associated 
fauna. ) 

Monograptus  colonus  (Barrande) 

Plate  VIII,  fig.  10 

1901-1918  Monograptus  colonus  (Barrande).  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  391,  text  figs.  260a-c,  pi.  xxxviii,  figs.  8a-d. 

Hypotype.  JE-1-66,  385/13. 

Horizon .  Zone  of_M.  nilssoni . 

Discussion.  Although  an  abundant  form  in  the  upper  portion  of  the  thesis  section,  this 
species  is  disappointingly  poorly  preserved  and  fragmented. 

The  hypotype's  thecal  density  of  7  th.  /  10  mm.  approaches  that  of 
M.  colonus  compactus.  The  width  is  slightly  less  than  2  mm.  The  character¬ 
istic  retroverted  apertural  extremities  of  the  proximal  thecae  are  seen  in  the 
hypotype.  The  rhabdosome  is  curved  slightly  ventral ly  in  the  proximal  region; 
a  small  virgelia  is  apparent.  The  long,  straight-walled  thecae  of  the  distal 
portion  are  overlapped  at  least  2/3  of  their  length.  The  virgula  extends  up 
to  3  mm.  beyond  distal  extremity  of  the  rhabdosome. 

In  poorly  preserved  and  fragmented  specimens  the  distinction  of  M. 
colonus  from  M.  dubius  and  M.  varians  is  often  impossible.  Thus  M.  colonus  ? 
ex  gr.  dubius  and  M.  colonus?  varians  are  listed  for  those  forms  which  are 


found  throughout  the  M.  nilssoni  Zone. 
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Monograptus  communis?  Lapworth 
Plate  VIII,  fig.  7 

1901-1918  Monograptus  communis?  Lapworth.  Elies  and  Wood,  p.  480,  text  figs. 
336a,  b;  pi.  xlix,  figs.  la-3. 

Hypotype.  JE—  1  —66,  255/7. 

Horizon .  Zone  of_M.  spiralis. 

Discussion.  Only  one  specimen  of  M.  communis ?  occurs  in  this  section.  The  thecae 
are  retroflexed  and  in  places  attenuated;  they  represent  a  form  intermediate 
between  M.  lobiferus  and  M.  spiralis.  The  maximum  width  of  the  rhabdosome 
is  1.2  mm.  The  proximal  portion  is  not  preserved. 

Although  the  thecal  form  is  closest  to  M.  communis,  the  planispiral ly 
coiled  rhabdosome  is  not  characteristic;  the  forms  illustrated  in  Elies  and  Wood 
(1901-1918)  are  slightly  arcuate  or  straight  distal  ly  with  a  sharply  recurved 
proximal  portion. 

Associated  with  the  Clearwater  Creek  species  are  M.  crenularis,  M. 
cf.  dextrorsus,  M.  cf.  galaensis,  M.  marri  ?,  M.  spiral  is  and  M.  vominerus 
crenulatus.  This  assemblage  indicates  a  younger  age  than  that  accepted  for 
the  British  forms  (Zones  of  M.  gregarius  and  M.  convolutus). 

Then,  the  thesis  form  may  be  better  listed  as  M.  aff.  communis. 

Monograptus  cf.  concinnus  Lapworth 
Text  fig.  3f;  Plate  VIII,  fig.  11. 

1901-1918  Monograptus  concinnus  Lapworth.  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  368,  text  fig.  240a-d;  pi.  xxxvi,  figs.  5a-3. 

Hypotype.  JE-1-66,  220/16. 

Horizon .  Zone  of  M.  turriculatus. 

Discussion.  A  few  representatives  of  this  species  are  found  in  a  single  sample  unit 


(220). 
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The  thesis  forms  are  straight,  contrary  to  examples  figured  by  Elies 
and  Wood  (1901-1918).  The  maximum  width  is  1.0  mm.,  the  thecal  density 
10-11  th.  /  10  mm.,  and  the  thin,  highly  inclined  simple  thecae  are  typical. 
The  thecae  are  slightly  pinched  at  the  apertural  extremities.  The  thinness 
of  the  thecae  separates  this  form  from  its  closest  allied  species,  M.  nudus. 

Monograptus  cf.  concinnus  is  found  associated  with  M.  halli  ?,  M.  marri, 
M.  nodifer,  M.  aff.  priodon,  M.  pandus,  M.  runcinatus,  M.  sedgwicki  ?,  M. 
cf.  turriculatus,  M.  turriculatus  minor  and  P.  palmeus.  This  association  indic¬ 
ates  a  slightly  younger  age  than  that  given  for  British  forms  (M.  gregarius  to 
M.  sedgwicki  Zones). 

Monograptus  cf.  crenularis  Lapworth 
Text  fig.  3g;  Plate  VIII,  figs.  12,  13. 

1901-1918  Monograptus  crenularis  Lapworth.  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  414,  text  figs.  281a-3;  pi.  xli,  figs.  7a~e. 

1952  Monograptus  crenularis  Lapworth.  Munch,  Die  Grapt.  a.  d.  anstehenden 

Gotlandium  Deutschlands  und  der  Tschechoslowakei,  p.  122,  taf.  39,  figs.  7 
a,  b. 

Hypotype.  JE-1-66,  250/6. 

Horizon .  Zone  of  M.  spiralis. 

Discussion .  Monograptus  cf.  crenularis  is  a  common  species  confined  to  the  basal 
portion  of  the  M.  spiralis  Zone. 

The  thesis  specimens  are  identified  by  their  biform  thecae,  that  is 
beak-like  proximal  thecae  and  cl imacograptid-type  distal  thecae.  The 
characteristic  proximal  dorsal  curvature  is  shown  in  pi.  VIII,  fig.  12.  The 
width  (0.  4  proximal,  max.  1 .0  mm.)  thecal  density  (12  th.  /  10  mm.),  and 
length  of  the  hypotype  (2.5  cm.)  are  compatible  with  that  of  the  figured 
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specimens.  (In  El les  and  Wood,  1901-1918). 

Specimens  with  poorly  preserved  proximal  portions  are  easily  confused 
with  M.  vomerinus  and  its  subspecies,  and  with  M.  I innarssoni . 

The  associated  fauna  of  the  hypotype  includes  M.  galaensis,  M.  cf. 
grieston iensis,  M.  mam,  M.  cf.  nudus,  M.  pandus,  M.  priodon,  M.  spiralis, 
M.  cf.  undulatus,  M.  vomerinus  crenulatus  and  Refioi  ites  geinitzianus. 

Monograptus  crinitus  Wood 
Plate  VIII,  figs.  15,  16. 

1901  "191 8  Monograptus  crinitus  Wood.  El  les  and  Wood,  Mon.  Brit.  Grapt.,  p.  435, 
text  figs.  298a-c;  pi.  xiiv,  figs.  3a-c. 

Hypotype.  JE-1--66,  415/14/ 

Horizon  .  Zone  of  M.  nilssoni. 

Discussion .  Although  not  mentioned  by  other  authors,  there  is  a  problem  in  separating 
M.  crinitus  from  small  or  juvenile^M.  scanicus,  especially  when  dealing  with 
fragmented  specimens.  Usually  the  narrow  rhabdosome  (K  0.5  mm.  compared  to 
1.0  mm.  for  M.  scanicus)  is  the  diagnostic  feature.  The  thecal  type,  in  both 
species,  is  that  of  narrow  tubes  with  beak-like  aperfural  termination.  The 
thecal  density  in  the  hypotype  is  2-3  th.  /  3  mm. 

M.  crinitus  is  a  common  species  throughout  the  M.  n ? I sson i  Zone  and 
is  associated  with  the  total  fauna  of  that  zone  (see  Appendix  B). 

Monograptus  cf.  decipiens  Tornquist 
Plate  VIII,  fig.  14,  Plate  XV,  fig.  2. 

1901  "1918  Monograptus  decipiens  Tornquist.  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  469,  figs.  325a-c,  pi.  xlvii,  figs.  3a-e. 

Hypotype.  JE- 1 “66,  207-210/22 . 
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Horizon.  Zones  of  M.  gregarius  to  M.  sedgwicki. 

Discussion.  The  hypotype  is  tentatively  identified  as  a  proximal  portion  of  M.  decipie 
The  thin  (1.0  mm.  wide)  short  strongly  curved  rhabdosome  bears  isolate, 
hooked  thecae  with  conspicuous  apertural  barbs.  The  thecal  density  is  5  th. 

5  mm. 

Plate  XV,  fig.  2  shows  the  intimate  association  of  M.  clingani  and  M. 
n.  sp.  M.  Further  associated  fauna  includes  those  forms  listed  in  the  Zones  of 
M.  gregarius  to  M.  sedgwicki  (Appendix  B). 

Monograptus  dextrorsus  Linnarsson 
Text  figs.  3h,  i. 

1901-1918  Monograptus  dextrorsus  Linnarsson.  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  460,  text  figs.  318a-c;  pi.  xlvi,  figs.  7a=d. 

Hypotype.  JE-1-66,  270/28. 

Horizon .  Zone  of  M.  spiralis. 

Discussion.  Thesis  specimens  of  M.  dextrorsus  show  the  typical  slender  (av.  0.7  mm., 
max.  1  .2  mm.)  curved  rhabdosomes.  The  thecae  usually  are  simple  beak“!ike 
forms  but  occasionally  show  the  typical  ball-like  appearance  of  the  apertural 
extremity  (see  text  fig.  31). 

Monograptus  dextrorsus  is  occasionally  confused  with  M.  spinulosus 
in  poorly  preserved  specimens  due  to  the  similar  rhabdosome  shape  and 
size. 

The  total  lower  and  middle  M.  spiralis  Zone  faunas  are  commonly  asso¬ 
ciated  with  M.  dextrorsus  in  this  section. 


Monograptus  aff.  deubeii  Jaeger 
Plate  VIII,  fig.  17,  Plate  ix,  pi.  4. 

1959  Monograptus  deubeii  Jaeger,  Grapt.  u.  strat.  des  jungsten  Thuringer  Silurs, 
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p.  26;  pi .  10,  figs.  4-8. 

Hypotype.  JE-1-66,  355* 

Horizon .  From  a  fault  slice  in  the  Zone  of_M.  testis. 

Discussion.  One  sample  from  a  fault  slice  at  355  to  360  feet  in  the  Clearwater  Creek 
section  yields  abundant  M.  aff.  deubeli  without  associated  fauna. 


The  following  comparison  is  made  between  the  thesis  form  and  Jaeger's 


M.  deubeli: 

M.  aff.  deubeli 

M.  deubeli 

length  of  rhabdosome 

y  4. 0  cm. 

2. 0-3.0  cm. 

width  of  rhabdosome-proximal  ly 

0.7-0. 8  mm. 

0. 7-0. 9  mm . 

-distally 

1 .5-1 .8  mm. 

1 . 4- 1 . 5  mm . 

width  of  sicula 

0.4-0. 8  mm. 

0.6-0. 8  mm. 

thecal  density 

10-12  th.  /  10  mm. 

10  1/2  -  12  1/2 
th.  /  10  mm. 

length  of  thecae 

2.5  mm . 

— ~ 

Furthermore,  _M.  deubeli  undergoes  slight  dorsal  curvature  in  the 
proximal  portion  whereas  M.  aff. deubeli  is  conversely  and  continuously  curved 
throughout.  This  curvature  of  the  full  rhabdosome  is  the  most  characteristic 
feature  of  this  species.  Both  forms  show  an  extended  virgella. 

The  thecal  form  in  M.  aff.  deubeli  is  essentially  that  of  Jaeger's  holo- 
type,  that  is,  long,  straight,  simple  tubes  overlapping  1/4  to  2/3  depending 
on  the  curvature. 

Very  little  literature  was  found  on  M.  wandalensis  which  does  show 
the  above  thecal  characters.  Watney  and  Welch  (191  1)  indicate  that  their 
form  is  dorsal ly  curved  throughout  but  their  illustrations  show  only  proximal 
curvature. 

Boucek  (pers.  comm.,  1967)  after  briefly  examining  the  thesis 
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specimens  suggested  they  were  closely  allied  to  M.  deubeli. 

The  sample  bearing  this  species  is  in  fault  contact  above  and  below 
with  typical  M.  testis  faunas.  Since  no  associated  fauna  was  found,  the 
age  of  the  thesis  forms  cannot  be  definitely  stated.  Jaeger  lists  M.  deubel  i 
from  the  lowermost  Ludlovian  and  A/L  wandalensis  Is  from  the  Zone  of  M. 
nilssoni  in  Britain. 

Monograptus  dubius  (Suess) 

Plate  IX,  figs.  1-3. 

1901-1918  Monograptus  dubius  (Suess).  Elies  and  Wood,  Mon.  Brit.  Grapt.,  p.  376, 
text  figs.  247a;  b;  pi.  xxxvii,  figs.  7  a-d. 

Hypotype.  JE-1-66,  270/10. 

Horizon .  Zones  of  M.  spiralis  to  M.  nilssoni. 

Discussion.  This  is  one  of  the  most  abundant  and  longest  ranging  species  in  the  study 
section.  It  is  especially  abundant  in  the  Interregnum  of  M.  dubius  where  it 
occurs  to  the  exclusion  of  all  other  forms. 

The  long,  straight  to  slightly  sigmoidal,  simple  thecae  overlap  greater 
than  1/2  their  total  length  (up  to  3  mm.).  The  thecal  density  in  the  hypotype 
is  11-12  th.  /  10  mm.  which  is  slightly  denser  than  that  of  forms  illustrated 
in  Elies  and  Wood  (1901-1918). 

The  rhabdosome  is  straight  (up  to  2  mm.  wide)  except  for  a  slight 
ventral  curvature  in  the  proximal  portion.  This  feature  distinguishes  M.  dubius 
from  M.  vulgaris  (sensu  Elies  and  Wood,  1901-1918).  In  fragmented  specimens 
in  the  M.  nilssoni  Zone  of  this  section,  M.  dubius  and  M.  colonus  are  often 
inseparable.  When  the  diagnostic  proximal  retroverted  thecae  of  M.  colonus 
are  not  preserved  separation  of  the  two  species  is  impossible. 

The  associated  fauna  includes  all  those  forms  encompassed  in  this 
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species  range. 


Monograptus  aff.  dubius  (Suess) 

Text  figs.  3j-m. 

Hypotype.JE~l"66,  329-380t/9. 

Horizon .  Upper  Wenlockian  (Zone  of  M.  testis). 

Discussion .  About  25  specimens  of  this  unique  form  are  found  in  a  talus  sample  from 
the  Upper  Wenlockian  strata  of  the  thesis  section. 

The  rhabdosome  reaches  a  maximum  width  of  2.2  mm.  from  a  proximo 
width  of  0.4  mm.  within  4  mm.  This  is  a  very  rapid  widening,  even  more  so 
than  that  in  M.  tumescens.  The  total  length  of  the  rhabdosome  is  in  excess 
of  2.3  cm.  The  proximal  portion  of  M.  aff.  dubius  is  very  strongly  ventrally 
curved.  A  short  stout  virgella  is  seen  in  text  fig.  3k. 

The  thecae  are  very  long  (up  to  3.3  mm.),  straight  to  slightly  curved 
tubes  with  a  simple  apertural  opening.  Thecal  density  is  8-10  th.  /  10  mm. 
in  the  hypotype. 

If  found  in  place  and  confined  in  section,  this  form  may  be  a  very 
diagnostic  Late  Wenlockian  species. 

Monograptus  cf.  falx  (Suess) 

Plate  IX,  figs.  5-7. 

1944  Spirograptus  falx  (Suess).  Pribyl,  The  Mi  dd I e“ European  monograptids  of  the 
genus  Spirograptus  Gurich,  p.  32,  pi.  v,  figs.  1“6. 

Hypotype.  JE-1-66,  285/3. 

Horizon .  Zone  of  M.  spira  I  is . 

Discussion.  This  Bohemian  form  is  rarely  represented  in  the  thesis  section.  The 
following  is  a  comparison  of  the  thesis  form  with  Pribyl 's(l 964  M.  falx: 
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length  of  rhabdosome 
width  of  rhabdosome 
thecal  density 


Thesis  form 
V  1 0  mm. 

0.8-1 .2  mm. 
5-6  th.  /  5  mm. 


M.  falx 
9-10  mm. 

1 .2-1 . 3  mm. 
5-6  th.  /5  mm. 


The  rhabdosome  is  typically  sickle-shaped  and,  although  preserved  as  fragments, 
no  more  than  9  thecae  are  shown  (max.  10-11  in  hypotype). 

The  thecae  are  generally  protruding  tubes,  slightly  triangular  with 
hooking  in  the  apertural  extremity  but  no  significant  attenuation.  The  distal 
thecae  are  not  as  prominently  hooked.  The  proximal  thecae  are  reminiscent 
of  the  proximal  thecae  of  A4.  decipiens. 

Great  difficulties  were  encountered  in  separating  M.  cf.  falx  from 
proximal  portions  of_M.  spiralis  (see  plate  XII,  figs.  10-13).  Many  of  these 
forms  were  initially  assigned  to  M_.  proteus,  M.  cf.  falx  and  M.  spiralis? 
are  associated  with  the  total  fauna  of  the  middle  portion  of  the  M.  spiralis 
Zone  (see  Appendix  B). 


Monograptus  fimbriatus  (Nicholson) 

Text  fig.  4a;  Plate  IX,  figs.  8,  9. 

1901-1918  Monograptus  fimbriatus  (Nicholson).  El les  and  Wood,  Mon.  Brit.  Grapt. 
p.  482,  text  figs.  338  a-d;  pi.  xlviii,  figs,  4a-d. 

Hypotype.  JE—  1  —66,  207-215  t 

Horizon .  Zones  of  M.  gregarius  to  M.  sedgwicki. 

Discussion.  Although  only  preserved  as  fragments,  the  sharply  curved  proximal 

portion  is  shown  in  text  fig.  4a  and  the  gently  curved  distal  portion  is  shown 
in  pi.  IX,  figs.  8, 9. 

The  thecae  are  triangulate  with  sharply  reflexed  and  attenuated 
apertural  extremities  in  the  proximal  portion  while  distal  thecae  are  more 
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bluntly  reflexed  in  the  apertural  region. 

The  width  (max.  1  .6  mm.)  compares  favourably  with  that  of  illustrated 
specimens  in  Elies  and  Wood  (1901-1918).  The  thecal  density,  9-10  th.  / 

10  mm.,  separates  this  species  from  M.  fimbriatus  similis. 

The  associated  fauna  is  that  of  the  total  M_.  gregarius  to  M_.  sedgwick? 
Zones  (see  Appendix  B). 

Monograptus  f lagel laris  Tornquist 
Plate  IX,  fig.  13. 

1901-1918  Monograptus  f lage I  laris  Tornquist.  El les  and  Wood,  Mon.  Brit.  Grapt., 
p.  457,  text  fig.  315;  pi.  xlvi,  fig.  3. 

1944  Spirograptus  flagel laris  (Tornquist).  Pribyl,  The  Middle-European  monograptids 
of  the  genus  Spirograptus  Gurich,  p.  14. 

Hypotype.  JE—  1  —66,  220/3. 

Horizon .  Zone  of  M.  turriculatus. 

Discussion .  Only  one  specimen  in  the  thesis  section  is  definitely  identified  as  M. 
flagel  laris. 

This  form  shows  the  helically  coiled  proximal  portion  with  the  typical 
twisting  over  of  the  most  proximal  part,  that  is  the  thecae  appear  to  arise 
from  the  opposite  margin.  This  feature  is  also  seen  in  some  specimens  of  M. 
acus,  which  is  a  much  wider  form. 

The  thesis  form  is  longer  (2  cm.)  and  wider  (max.  2.0  mm.)  than  the 
typical  species  (length  15-16  mm.,  max.  width  1.2  mm.).  The  thecal 
density  is  12-13  th.  /  10  mm. 

M.  proteus  bears  a  gross  resemblance  to  M.  flagel  laris  but  the  long 
thin  proximal  'tail'  so  characteristic  of  that  species  is  not  present  in  the  thesis 
form . 
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The  associated  fauna  of  the  hypotype  includes  ?CI imacograptus  sp.,  M. 
cf.  concinnus/  M.  halli  ?,  M.  mam?,  M.  nodifer,  M.  pandus,  M.  aff. 
priodon,  M.  sedgwicki?,  M.  cf.  turriculatus,  M.  turriculatus  minor,  and  P. 
palmeus. 


Monograptus  flemingii  (Salter) 

Plate  IX,  figs.  11,  12. 

1901-1918  Monograptus  flemingii  (Salter).  El les  and  Wood,  Mon.  Brit.  Grapt., 
p.  425,  text.  figs.  287  a-d;  pi.  xliii,  figs.  5  a-d. 

Hypotype.  270-300/41 

Horizon .  Zones  of  A A.  spiral  is  to  M.  testis. 

Discussion .  This  species  occurs  rarely  in  Upper  Llandoverian  strata  but  is  common 
in  the  Wenlock,  especially  in  Upper  Wenlockian  beds. 

Monograptus  flemingii  is  very  difficult  to  distinguish  from  specimens  of 
comparable  size  of_M.  priodon  and_M.  riccartonensis.  The  diagnostic  criteria 
accepted  for  this  study  is  that  M.  flemingii  bears  beak-like  thecae  diminishing 
almost  to  spines  in  the  apertural  extremities  whereas  M.  priodon  (as  typified 
in  text  fig.  5a)  shows  robust  hooked,  non-attenuated  thecae.  The  greater 
width  (max.  3.1  mm.)  effectively  separates  M.  flemingii  from  M.  riccartonensis 
(max.  width  -  1.5  mm.). 

Monograptus  flemingii  is  considered  a  Late  Wenlockian  form  in  Europe 
but  appears  to  have  a  lower  range  in  northern  Canada. 

Monograptus  flemingii  primus  Elies  and  Wood 
Plate  IX,  fig.  10. 

1901-1918  Monograptus  flemingii  primus  Elies  and  Wood,  Mon.  Brit.  Grapt.,  p.  426, 


text  figs.  288;  pi.  xlii,  figs.  6a-d. 
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Hypotype.  JE- 1  —66,  335/3. 

Horizon .  Zone-unit  of  M.  cf.  lotus  and  C.  (?)  cf.  gracilis  and  zone-unit  of_C_.  cf. 
hamatus  and  C.  mancki . 

Discussion .  This  subspecies  is  rarely  identified  in  the  study  section. 

While  the  thecae  show  the  typical  pinched  aperfural  extremity,  they 
tend  to  overlap  to  a  greater  extent  (thecal  density,  6-7  th ./  5  mm„). 

The  rhabdosome  is  short  (1  .2  cm.)  and  widens  rapidly  from  0.4  mm.  to 
2.5  mm.  within  1  mm.  The  sicula  is  preserved  but  barely  discernible  in  the 
hypotype. 

The  associated  fauna  includes  C.  (?)  cf.  gracil is,  C .  cf.  hamatus, 

C.  mancki,  M.  flemingii,  M.  latus?,  M.  priodon,  and  M.  vomerinus.  The 
interval  indicated  equivalent  to  part  of  the  C.  ellesi  (C.  rigidus)Zone  in 
Britain . 


Monograptus  galaensis  Lapworth 
Text  fig.  4b,  Plate  IX,  fig.  18 

1901-1918  Monograptus  galaensis  Lapworth.  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  415,  text  figs.  281a“d;  pi.  xlii,  figs.  la-c. 

Hypotype.  JE-1-66,  250/33. 

Horizon .  Zone  of  M.  spiral  is. 

Discussion .  Monograptus  galaensis  occurs  in  only  two  sample  units  (250,  255). 

The  hypotype  shows  pseudobiform  thecae,  that  is,  some  are  simple, 
straight  to  slightly  curved  thecae  with  simple  apertures  while  others  are 
conspicuously  everted  and  the  aperture  margin  is  produced  into  a  distinct 
denticle.  In  some  cases  the  thecae  show  retroversion  of  the  apertural 
extremity. 

Other  measurements  (max.  width  2  mm.,  thecal  density  8-9  th.  / 
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10  mm.)  match  those  forms  illustrated  in  Elies  and  Wood  (1901-1918). 

The  associated  fauna  consist  of  A A.  cf.  crenularis,  M.  dextrorsus/ 

M.  cf .  griestoniensis,  M.  marri/  M.  cf .  nudus,  M.  pandus,  M.  priodon/ 

M.  spiral?s/  M.  cf.  undulatus,  M.  vomerinus  crenu latus/  and  R_.  geinitzianus. 

Monograptus  griestoniensis  Nicol 
Text  figs.  4c,  d;  Plate  IX,  fig.  16. 

1901-1918  Monograptus  griestoniensis  Nicol.  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  413,  text  figs.  279a-f;  pi.  xli,  figs.  5a-d. 

Hypotype.  JE-1-66,  255-270/5. 

Horizon.  Zone  of  M_.  spiral  is. 

Discussion .  This  British  zonal  index  fossil  is  common  in  most  parts  of  the  M_.  spiralis 
Zone. 

The  species  has  a  slightly  flexed  rhabdosome  that  in  certain  preservations 
shows  a  unique  jointed  appearance  (see  text  fig.  4d).  The  hypotype  shows 
typical  measurements:  max.  length  3.6  cm.,  max.  width  0.7  mm.,  and  thecal 
density,  9-10  th.  /  10  mm. 

The  thecae  are  generally  simple  sigmoidal  tubes  which  in  certain  forms 
of  preservation  show  a  climacograptid-type  margin.  Proximal  portions  of 
M.  griestoniensis  are  rarely  preserved  in  this  section. 

This  species  is  certainly  not  confined  as  it  is  in  Britain  and  is  assoc¬ 
iated  with  M.  vominerus  crenulatus,  M.  sartorius ?,  M.  spiralis,  and  the 
total  fauna  of  this  Zone. 

Monograptus  cf.  halli  (Barrande) 

Plate  IX,  fig.  17. 

1901-1918  Monograptus  halli  (Barrande).  Elies  and  Wood,  Mon.  Brit.  Grapt., 


. 
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Monograptus  cf.  haili  (Barrande) 

Plate  IX,  Fig.  17 

1901-1918  Monograptus  ha  I  li  (Barrande).  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  443,  text  figs.  305a-e;  3-5a-e;  pi.  xliv,  figs.  8a-f. 

Hypotype.  JE— 1—66,  215/1 

Horizon .  Zone  of  M.  turriculatus. 

Discussion .  This  is  a  rare  and  confined  species  in  the  study  section. 

Forms  bearing  M.  sedgwicki-type  thecae  but  being  generally  more 
robust  are  designated  M.  cf.  haili .  The  thecae  are  attenuated  and  spinose 
but  do  not  show,  to  such  an  extent,  the  retroversion  of  the  apertural 
extremities  which  is  characteristic  of  M.  sedgwicki.  The  thecal  density 
is  8-9  th./IO  mm. 

Certainly  there  should  be  gradations  between  M.  sedgwicki  and 
M.  hal li  and  M_.  cf.  haili  may  be  exactly  that. 

Monograptus  intermedius  (Carruthers) 

Text  figs.  4e,  f. 

1901-1918  Monograptus  intermedius  (Carruthers).  Elies  and  Wood,  Mon.  Brit., 
Grapt.,  p.  485,  text  figs.  34la-d;  pi.  xlix,  figs.  3aie. 

Hypotype.  JE-l-66,  207-215/3. 

Horizon .  Zones  of  M.  gregarius  to  M.  sedgwicki . 

Discussion.  Three  fragments  from  a  single  sample  represent  M.  intermedius  in 
this  section. 

The  slender  (0.7  mm.  max.  width)  curved  rhabdosome  bears 
subtriangular  thecae  with  slightly  retroflexed  and  attenuated  apertural 
extremities,  almost  spinose  in  character.  These  thecae  occur  on  the 
convex  margin  and  are  free  for  greater  than  2/3  of  their  length. 
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Thecal  density  on  illustrated  forms  is  3  th./3  mm. 

M.  decipiens  is  similar  in  general  form  but  has  a  more  acutely  curved 

curved  rhabdosome  and  thinner,  more  sharply  reflexed  thecal  extremities. 

Monograptus  irfonensis  Elies 
Plate  X,  figs.  I,  2. 

1901-1918  Monograptus  irfonensis  Elies.  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  429,  text  fig.  292;  pi.  xliii,  fig.  3. 

Hypotype.  JE— 1—66,  360/8. 

Horizon .  Zone  of  M_.  testis. 

Discussion .  Five  species  from  the  uppermost  part  of  the  M.  testis  Zone  are 
referred  to  M.  irfonensis. 

While  matching  the  holotype  in  general  thecal  type  (M.  priodon- 
type  on  a  small  scale)  and  of  the  general  dimensions  (max.  width  -  1.0  mm., 
thecal  density  -  4  th./5  mm.),  the  hypotype  shows  a  typical  flexing  of  the 
rhabdosome.  Elies  and  Wood  maintain  that  their  specimens  are  generally 
straight  over  20  cm.  or  more  in  length. 

M.  scanicus  bears  some  resemblance  to  the  thesis  species,  but  its 
thecae  are  more  conspicuously  hooked. 

Associated  faunas  include  C.  cf.  lundgreni,  ?Gothograptus  sp. , 

M.  dubius,  M.  f lemingji,  M.  testis,  and  M_.  vomerinus. 

Monograptus  cf.  jaculum  Lapworth 
Text  fig.  4g;  Plate  X,  fig.  3. 

1901-1918  Monograptus  jaculum  Lapworth.  Elies  and  Wood,  p.  373,  text  figs.  2442-d; 


pi.  xxxvii,  figs.  4a-d. 
Hypotype.  JE-l-66,  207-210/A. 


. 


101 


Horizon .  Zones  of  M.  gregarius  to  M.  sedgwicki . 

Discussion .  Rare,  poorly  preserved  specimens  assignable  to  M.  cf.  jaculum  are 
found  in  the  basal  monograptid-bearing  beds  of  the  thesis  section. 

The  most  diagnostic  feature  is  slightly  sigmoidal  thecae  occasionally 

5  6 

showing  pinched  apertural  extremities  (see  text  fig,  4g,  th  and  th  ). 

Overlap  is  greater  than  1/2  in  the  hypotype;  thecal  density  is  6  th/5  mm. 
Fragments  of  rhabdosome  are  straight  and  rigid  with  a  maximum  width  of 
1.5  mm. 

The  associated  fauna  includes  M.  clingani,  M.  leptotheca, 
and  M.  sedgwicki  (see  Appendix  A  for  complete  list). 

Monograptus  cf.  jaekel?  Perner 
Text  fig.  4h;  Plate  X,  figs.  4,5. 

1901-1918  Monograptus  jaekel i  Perner.  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  435,  text  fig.  299;  pi.  xliv  la-b. 

Hypotype.  JE— 1—66,  330/1. 

Horizon.  Zone-unit  of  M.  cf.  jaekeli  and  questionable  in  the  Zone  of  M.  testis. 

Discussion.  Only  6  specimens  of  M.  cf.  jaekel?  are  found  in  the  zone-unit  of 
M.  cf.  jaekeli  while  2  forms  are  questionably  identified  from  the  M. 
testis  Zone. 

The  short,  M.  priod on-type  thecae  with  2/3  overlap  combined  with 
the  concavely  curved  rhabdosome  defines  this  species.  The  thecae  are  broadly 
hooked  at  the  apertural  extremities  and  this  hook  occupies  only  1/9  of  the 
thecal  width  (max.  width  -  2.5  mm.);  thecal  density  is  12  th./IO  mm.  in 
the  hypotype. 


The  identification  is  tentative  as  only  incomplete  fragments  were  found. 
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The  associated  faunas  in  the  zone-unit  of  M.  cf.  jaekeli  consist  of  Cyrtograptus 
sp.,  Mo  cf.  flemingii,  M,  priodon,  M.  aff.  scanicus,  M.  vomerinus,  and  M. 
vomerinus  gracilis. 


Monograptus  cf .  latus  McCoy 
Plate  X,  fig.  8 

1945  Monograptus  latus  McCoy.  Water  lot,  les  Grapt.  du  Maroc.  p.79,  text  fig.  355. 
Hypotype.  J.E.-I-66,  335/33. 

Horizon .  Zone-unit  of  M.  cf.  latus  and  C.  (?)  cf.  gracilis. 

Discussion .  Rare  examples  of  this  form  are  found  in  a  10-foot  band  (335-345)  in  the 
thesis  section. 

The  great  width  of  this  form  (3.7  mm.)  separates  it  from  other  species 
also  bearing  _M.  priodon-type  thecae.  Thecal  hooks  occupy  slightly  less  than 
1/4  the  total  width;  thecal  density  in  the  hypotype  is  8-9  th./IO  mm.  This 
thecal  density  plus  the  straight,  rigid,  and  broad  rhabdosome  separates  this 
form  from  associated  M.  cf.  jaekeli. 

Cyrtograptus  cf.  mancki,  C.(?)  cf.  gracilis,  M.  cf.  dubius ,  M. 
f lemingii,  M.  flemingii  primus ?,  M»  priodon,  M.  riccarfonensis,  M.  aff. 
scancus,  M.  vomerinus,  and  M.  vomerinus  gracilis  accompany  _M.  cf.  latus 
in  the  Clearwater  Creek  section. 

Monograptus  leptotheca  Lapworth 
Plate  X,  figs.  9,  10. 

1901-1919  Monograptus  leptotheca  Lapworth.  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  371,  text  figs.  242a-c;  pi.  xxxvii,  figs.  2a-d. 

Hypotype.  Zones  of  M.  gregarks  to  M_.  sedgwicki. 
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Discussion .  This  is  a  common  and  well  preserved  species  in  the  lowest  monograptid- 
bearing  beds.  The  hypotype  and  several  other  specimens  are  preserved  in 
semi-relief  in  hematite. 

The  hypotype  is  8  cm.  long,  1.6  mm.  wide  (max.),  and  the  thecal 
density  is  8-9  th./IO  mm.  The  thecae  have  straight  to  slightly  convexly 
curved  interthecal  septa,  are  greater  than  3  mm.  long,  overlap  2/3  of 
their  length,  are  set  at  a  high  angle,  and  bear  simple  round  thecal 
apertures. 

Monograptus  clingani,  M.  millepeda,  M.  cf.  jaculum,  M,  sedgwick  i, 
and  M.  cf.  decipiens  are  among  the  associated  fauna. 

Monograptus  linnarssoni  Tullberg 
Plate  X,  figs.  II,  12 

1952  Monograptus  linnarssoni  Tullberg.  Munch,  Die  Grapt.  a.  d.  anstehenden 

Gotlandium  Deutschlands  und  der  Tschechoslowakei,  p.  122,  pi.  39,  fig.  4. 
Hypotype .  JE— 1—66,  255-270/lQ. 

Horizon .  Zone  of  M.  spiralis  (Subzone  of  Stom .  grandis) . 

Discussion.  Monograptus  linnarssoni  is  represented  by  only  a  few  specimens  in  one 
sample  unit. 

The  following  comparison  is  made  between  the  hypotype  and 
M.  linnarssoni  (in  Munch,  1952): 

thesis  form  M.  linnarssoni 

length  of  rhabdosome  3.0  cm.  .  — — — 

max.  width  of  rhabdosome  l.l  mm.  I.l  mm. 

thecal  density  9-10  th./IO  mm.  8-10  th./IO  mm. 

Plate  X,  fig.  II  shows  a  distal  twist  in  the  proximal  portion. 
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This  is  typical  of  M.  linnarssoni. 

The  thecal  type  is  climacograptid  with  thecal  excavations  occupying  less  than 
1/3  of  the  rhabdosome  width. 

M.  vomerinus  gracilis  is  grossly  similar  but  tends  to  be  slightly  wider. 
Associated  with  M.  linnarssoni  in  this  section  are  C.  canadensis,  M. 
priodon,  M.  spinu  losus,  M.  vomerinus,  R.  geinitzianus,  R.  geinitzianus 
angustidens,  and  Stom.  grand  is. 


Monograptus  marri  Perner 
Plate  X,  figs.  6,7. 

1901-1918  Monograptus  marri  Perner.  Elies  and  Wood,  Mon.  Brit.  Graph, 
p.  422,  text  figs.  284a,  b;  pi.  xlii,  figs.  4a-d„ 

Hypotype.  JE-l-66,  250/58. 

Horizon .  Zone  of  M.  gregarius  to  the  lower  part  of  M.  spiralis  Zone. 

Discussion .  This  is  a  common  and  well  preserved  specimen  in  the  Middle  and 
Upper  Llandovery. 

Both  photos  show  the  good  preservation  of  these  forms.  The  poly¬ 
pary  is  narrow  (max.  width  -  1.5  mm.)  and  more  or  less  straight.  Thecae 
number  II  in  10  mm.,  and  are  of  the  general  M.  priod on-type  but  only 
show  hooking  in  the  distal  portion;  the  hooks  are  stout,  do  not  attenuate, 
and  occupy  1/2  the  total  width  of  the  rhabdosome-  The  intertheca  I  septum 
is  short  and  generally  inconspicuous. 

The  associated  faunas  encompass  those  from  M.  gregarius  Zone  to 
the  lower  part  of  the  M.  spiralis  Zone  (see  Appendix  A). 

Monograptus  cf.  micropoma  (Jaekel) 


no  figure. 


■ 

■ 
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1959  Monograptus  micropoma  (Jaekel).  Jaeger,  Graph  und  strat.  des  jugsten 
Thuringer  Silurs,  p.  117,  text  figs.  18a,  I9a-e,  pi.  i,  fig.  5,  pi.  6, 
figs.  7-9,  pi.  7,  figs.  3-7. 

Hypotype.  JE— 1—66,  380. 

Horizon .  Zone  of  M.  nilssoni. 

Discussion .  Two  poorly  preserved  specimens  from  the  base  of  the  M.  nilssoni  Zone 
have  been  tentatively  assigned  to  M.  cf .  micropoma  on  the  basis  of  the 
general  M.  uncinatus-type  rhabdosome  with  short,  thin,  hooked  thecae. 

In  some  preservational  forms  these  thecae  look  almost  climacograptid. 

Monograptus  mil lepeda  (McCoy) 

Plate  X,  fig.  18. 

1901-1918  Monograptus  millepeda  (McCoy).  Elies  and  Wood,  Mon.  Brit.  Graph, 
p.  465,  text  figs.  323a-c;  pi.  xlvi,  figs.  I0a-d. 

Hypotype.  JE-l-66,  207-2 l5t/5. 

Horizon .  Zone  of  M.  gregarius  to  M.  sedgwicki . 

Discussion.  One  graptolite  fragment  in  the  thesis  section  Is  designated  _M.  millepeda. 

Plate  X,  fig.  18  shows  a  curved  fragment,  probably  proximal,  with 
the  characteristic  broadly  triangular  thecae  showing  broad  reflexion  of  the 
apertural  extremities.  The  free  portion  of  the  thecae  occupy  up  to  3/4  the 
total  rhabdosome  width  (1.5  mm.).  Thecal  density  is  5-6  th./5  mm. 

The  photo  shows  the  immediate  association  of  M.  clingani?,  M.  nudus. 
Further  associates  are  Cl.  cf.  rectangularis,  GL  cf.  incertus,  M.  cf. 
decipiens,  M.  cf.  fimbriatus,  M.  interm edius,  M.  leptotheca,  M.  cf.  rnajrn, 

M.  cf.  runcinatus,  M.  triangulatus,  M.  cf.  tumculatus  and  Monograptus  n. 
sp.  M. 


.e\l£IS  WS  ,W-I-  II  .  x-oqyH 
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Monograptus  minimus  ?  Boucek  and  Pribyl 
no  figure 

1951  Monograptus  minimus  Boucek  and  Pribyl,  p.  16,  text  figs.  3a,  b,  pi.  iii, 
figs.  9,  10. 

Hypotype.  JE—  I  —66,  290/22. 

Horizon.  Zone  of  M_.  spiralis  (Subzone  of  Stom.  grandis). 

Discussion .  Rare  specimens  assigned  to  this  species  are  concentrated  in  a  single 
five  foot  sample  (290). 

The  identifications  are  very  questionable.  The  rhabdosomes  are 
very  slender  (0.2-0. 4  mm.  wide)  and  curved  with  thecae  on  the  convex 
side.  Their  thecae  are  obscure  but  appear  to  be  small  beaks  or  hooks. 

It  is  possible  that  these  specimens  are  fragments  of  Div.  pergracilis. 

The  associated  fauna  in  this  uppermost  Llandoverian  sample  includes 
M.  spiralis,  M.  spinulosus,  and  Stom.  grandis. 

Monograptus  ni  Issoni  (Barrande) 

Plate  X,  figs.  14,  19. 

1901-1918  Monograptus  nilssoni  (Barrande).  Elies  and  Wood,  Mon.  Brit.  Graph, 
p.  369,  text  figs.  24la-c;  pi.  xxxvii,  figs.  la-c. 

Hypotype.  JE-l-66,  390/A. 

Horizon .  Zone  of  M.  nilssoni . 

Discussion .  Abundant  M.  nilssoni  characterize  the  Lower  Ludlovian  strata  of  the 
thesis  section. 

The  thecae  are  straight  to  sigmoidal  tubes  with  low  inclination 
and  overlap  about  1/3  of  their  length.  The  rhabdosome  width  in  the 
hypotype  is  0.15  (proximally)  to  0.75  mm.  (distally).  Thecal  density  is 
9  th./IO  mm.  The  broad  curvature  of  the  rhabdosome  is  illustrated  in  plate  X, 
fig.  19. 


' 
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In  forms  having  a  maximum  width  of  greater  than  I  mm.  and  thecae 
having  overlap  1/2  to  1/3,  the  distinction  between  _M.  nilssoni  and  M.  bohemicus 
becomes  problematical.  It  is  thought  that  some  intermediate  forms  are  represented 
in  the  Clearwater  Creek  section.  Ruedemann  (1947)  may  have  been  considering  such 
forms  when  he  erected  his  subspecies  AA.  nilssoni  crassus. 

The  total  M.  nilssoni  Zone  faunas  are  associated  with  the  index 

species. 


Monograptus  nodifer  Tornquist 
Text  fig.  4i;  Plate  X,  fig.  13. 

1901-1918  Monograptus  nodifer  Tornquist.  Elies  and  Wood,  Mon.  Brit.  Graph,  p.  454, 
text  figs.  3l3a-d;  pi.  xlvi,  figs.  2a-d. 

Hypotype.  JE-l-66,  220/10. 

Horizon .  Zone  of  M.  turriculatus. 

Discussion .  Monograptus  nodifer  is  a  common  form  in  one  five  foot  sample  (220)  In 
the  M.  turriculatus  Zone. 

The  enrolled  thecae  (see  text  fig.  4i)  are  only  matched  in  the  much 
smaller  form,  M.  exigus.  In  cases  where  the  thecae  are  oppressed  to  them¬ 
selves  in  the  enrolled  state  they  may  appear  simply  hooked.  The  rhabdosome 
is  curved  to  flexuous  (recurved  proximal  portion),  up  to  2  cm.  long,  0.8-0. 9  mm. 
wide  and  have  thecal  density  of  I2"I3  th/10  mm. 

Monograptus  cf.  concinnus  M.  f  lage  liar  is,  M.  halli?  M.  marri, 

M.  pandus,  M.  aff.  priodon,  M.  runcinatus,  M.  sedgwick?  ?  M.  cf. 
turriculatiis  minor,  and  P.  palmeus  make  up  the  associated  fauna. 

Monograptus  nudus  (Lapworth) 


Plate  X,  figs.  15-17. 


(rtttowqaj)  lubun  lulgoiconoM 
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1901-1918  Monograptus  nudus  (Lapworth).  Elies  and  Wood,  Mon.  Brit.  Graph, 

p.  375,  text  figs.  246a-d;  pi  xxxvii,  figs.  6a-e. 

Hypotype.  JE—  I  —66,  275/F. 

Horizon .  Zones  of  _M.  gregarius  to  M.  spiralis. 

Discussion .  This  is  a  long  ranging  and  abundant  species  in  the  study  section. 

The  rhabdosome  is  straight  and  rigid  and  is  up  to  8.5  cm  long 
compared  with  a  maximum  of  5  cm.  in  Elies  and  Wood's  forms- The 
proximal  portion  (see  pi.  X,  fig.  16)  illustrates  a  short,  stout  virgella 
and  some  ventral  curvature  of  the  rhabdosome.  The  maximum  width  is 
slightly  over  2.5  mm.  (0.7  mm.  proximal)  and  the  thecal  density  is 
9-10  th./IOmm.  The  interthecal  septa  are  straight  to  slightly  sigmoidal. 

The  thecae  are  shorter  than  those  of  M.  dubius  but  are  generally  longer 
(2.5-3  mm.)  than  those  of  Elies  and  Wood's  M.  nudus. 

Many  forms'  were  initially  separated  on  the  basis  of  presumed  spines 
projecting  from  the  centre  of  the  thecal  opening.  These  later  proved  to  be 
bizarre  preservations  of  interthecal  septa. 

M.  nudus  is  associated  with  the  total  faunas  found  from  the  M. 
gregarius  to  the  M.  spiralis  Zones. 

Monograptus  pandus  Lapworth 
Plate  XI,  fig.  I. 

1901-1918  Monograptus  pandus  Lapworth.  Elies  and  Wood,  Mon.  Brit.  Grapt.,  p.  421., 
text  fig.  283;  pi.  xlii,  figs.  3a-d. 

Hypotype.  JE-l-66,  250  (49). 

Horizon .  Zones  of  M_.  turricu latus  and  AW.  spiralis. 

Discussion.  Several  specimens  from  the  section  show  the  typical  short,  sharply  hooked 
thecae  of  _M.  pandus.  These  thecal  hooks  are  closely  set  (9-10  th./IO  mm.) 
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and,  because  up  to  1/3  of  the  thecae  is  involved  in  the  hook,  are  nearly 
in  contact.  The  'hooks'  occupy  1/4  the  total  width  of  the  rhabdosome 
(max.  -  2.2  mm.). 

The  rhabdosome  is  straight  and  rigid  (minor  proximal  dorsal  'twist') 
and  extends  up  to  3.5  cm.  in  length. 

The  unique  thecal  form  separates  M.  pandus  from  M.  priodon, 

M.  marri,  M.  f lemingii,  and  M.  riccartonensis. 

The  associated  fauna  encompasses  those  forms  in  the  M.  turriculatus 
Zone  and  the  lower  part  of  the  M.  spiralis  Zone  (see  Appendix  B). 

Monograptus  priodon  (Bronn) 

Text  fig.  5a;  Plate  XI,  figs.  4,  5,  12,  14,  15. 

1901-1918  Monograptus  priodon  (Bronn).  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  418,  text  figs.  282a-d;  pi.  xlii,  figs.  2a-e. 

Hypotype.  JE-l-66,  255-270  (5). 

Horizon.  Zones  of  M.  spiralis  to  M.  testis. 

Discussion.  One  of  the  most  abundant  and  longest  ranging  species  in  the  section  is 
M.  priodon . 

The  rhabdosome  is  greater  than  8.0  cm.  long  (  14.3  cm.  in  one 
specimen  in  the  Whittaker  Ranger)  with  widths  up  to  3.7  mm.  (2-3  mm.  av.). 
Often  a  dorsal  twist  is  seen  in  the  proximal  portion  (e.g.  in  pi.  XI,  fig.  5). 
Thecal  density  in  the  hypotype  is  10-11  th./IO  mm. 

The  thecal  character  is  accurately  shown  In  text  fig.  5a  (pi.  xi,  fig.  5). 
About  2/3  of  the  theca  is  involved  in  the  prominent  hook  which  occupies  up 
to  1/2  the  rhabdosome  width.  Overlap  is  1/2  to  1/3  and  the  interthecal  septa 
are  prominent. 

In  poorly  preserved  specimens  M.  pandus,  M.  riccartonensis  and 
M.  flemingii  are  difficult  to  distinguish  from  M.  priodon.  If  the  total 
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rhabdosome  and  thecal  character  is  evident  this  species  is  easily  identified. 

The  associated  faunas  include  all  those  forr^s  from  the  base  of  the 
M.  spiralis  Zone  to  the  lower  part  of  the  M_.  testis  Zone. 

Monograptus  riccartonensis  Lapworth 
Text  figs.  5b,  c. 

1901-1918  Monograptus  riccartonensis  Lapworth.  Elies  and  Wood,  Mon  Brit.  Grapt., 
p.  424,  text  figs.  286a-c;  pi.  xlviii,  figs.  8a-e. 

Hypotype.  J.E.-I-66,  310/20. 

Horizon.  Zone  of  M.  spiralis  (Subzone  of  Stom.  grandis)  to  zone-unit  of  C.  cf. 
latus  and  C.(?)  cf.  gracilis. 

Discussion.  Although  confined  to  the  M.  riccartonensis  Zone  in  Britain,  this  species 
is  represented  by  rare  to  common  specimens  above  and  below  this  horizon 
in  the  Clearwater  Creek  section. 

The  rhabdosome  in  the  illustrated  specimens  show  the  typical  limp 
form  and  the  characteristic  sharp  dorsal  twist  at  the  proximal  extremity. 

Also  seen  in  the  hypotype  is  a  short  virgella  and  accompanying  basal 
"spine".  The  rhabdosome  width  does  not  exceed  1.6  mm.;  thecal  density 
in  the  hypotype  is  10  th./IO  mm. 

The  thecae  consist  of  attenuated  hooks  occupying  1/2  of  the  thecal 
length  and  1/2  of  the  rhabdosome  width.  Overlap  is  1/3  to  1/2.  The  attenuated 
hook  is  reminiscent  of  M.  sedgwick? .  The  closely  allied  form  M_.  priodon  is 
wider  and  has  more  robust  hooked  thecae. 

Monograptus  capil laceus  is  only  found  intimately  associated  with 
M.  riccartonensis  in  the  M.  riccartonensis  Zone.  Both  forms  are  found  with 
M.  spiralis,  Stom .  grandis,  C.  canadensis  and  C.  lapworth! . 


, 
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Mongraptus  riccartonensis  is  found  in  younger  beds  associated  with 
C .  rigidus ?  and  cf.  manck?  (see  Appendix  B  for  complete  list). 

Monograptus  roemeri  (Barrande) 

Plate  XI,  fig.  2 

1901-1918  Monograptus  roemeri  (Barrande).  ElSes  and  Wood,  Mon.  Brit.  Grapt., 
p.  397,  text  figs.  265a-b;  pi.  xxxix,  figs.  2a-d. 

Hypotype.  JE— 1—66,  415/6 

Horizon .  Zone  of  M.  nilssoni  (Subzone  of  M_.  bohemicus) 

Discussion .  Monograptus  roemeri  is  found  only  rarely  in  the  Lower  Ludlovian  strata 
of  the  study  section. 

The  long  (  3.0  mm.),  steeply  inclined,  simple  thecae  shown  in 
pi.  XI,  fig.  2,  characterize  this  species.  The  rhabdosome,  15  cm.  in 
length,  is  straight  and  rigid  with  slight  ventral  curvature  in  the  proximal 
portion.  The  width  increases  from  0.35  mm.  proximally  to  1.6  mm.  distally. 
Thecal  density  is  14-15  th./IO  mm.  The  proximal  2  thecae  show  retroverted 
apertures  while  distal  thecae  are  simple,  straight  tubes  increasing  their  angle 
of  inclination  distally. 

Monograptus  colonus  is  very  closely  allied  but  is  separated  on  its 
shorter  distal  thecae  and  it  bears  up  to  4  proximal  retroverted  thecal 
extremities  which  are  almost  spinose. 

The  photo  of  the  hypotype  shows  the  intimate  association  of  M.  scanicus. 
Monograptus  nilssoni,  M.  bohemicus,  M.  cf.  chimaera,  M.  colonus,  M.  crinitus, 
M.uncinatus,  M.  cf.  varians  and  M.  cf.  vulgaris  are  also  associated  with 


hypotype. 
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Monograptus  runcinatus  Lapworth 
Plate  XI,  figs.  3,  6. 

1901-1918  Monograptus  runcinatus  Lapworth.  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  450,  text  figs.  309a-f;  pi.  xlv,  figs.  2a-g. 

Hypotype.  JE— 1—66,  207-210/7. 

Horizon .  Zones  of  M.  gregarius  to  M.  turriculatus. 

Discussion .  Monograptus  runcinatus  is  common  in  these  lowest  monograptid  zones. 

The  rhabdosome  is  characteristically  thin  (0.3-0. 4  proximally  and 
1.2  mm.  distal ly)  and  are  curved  to  flexed  throughout  its  total  length 
(74  cm.).  Thecal  density  is  9-10  in  10  mm. 

The  thecae  are  borne  on  the  concave  margins.  They  are  beak  to 
lobe-shaped  due  to  retroversion.  The  thecae  occupy  up  to  1/2  the  total 
rhabdosome  width. 

The  photos  show  the  immediate  association  of  M.  cf.  jaculum, 

M.  turriculatus  minor,  and  £.  palmeus.  Also  among  the  associated  forms 
are  M_.  millepeda,  M.  sedgwicki,  and  M.  cli  ngani .  (see  Appendix  B  for 
complete  list). 

Monograptus  aff.  runcinatus 
Plate  XI,  figs.  8,  9. 

Hypotype.  JE-l-66  ,  270/ 

Horizon.  Zone  of  M.  spiralis  (Subzone  of  Stom .  grand ?s) . 

Discussion.  Several  specimens  in  semi-relief  confined  to  the  base  of  the  Stom.  grandis 
Subzone  exhibit  close  similarity  to  M.  runcinatus  which  is  found  in  the  Zones 
of  M.  gregarius  to  M.  turriculatus. 

The  rhabdosome  is  of  the  same  general  width  (1.0  mm.)  as  M.  runcinatus 
but  is  quite  straight  and  rigid.  The  thecal  density  is  10  th./IO  mm.  The  thecae 
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are  generally  hooked  to  beak-shaped  and  in  places  are  oppressed  to  the 
margin.  Attenuation  of  the  aperatural  extremities  is  more  common  in  these 
forms  than  in  the  typical  M.  runcinatus. 

Specimens  from  surrounding  strata  termed  M.  aff.  scanicus  are  thinner, 
more  gracile  forms  with  single  to  slightly  hooked  thecae. 

The  associated  fauna  of  M,  aff.  runcinatus  encompasses  M.  acus, 

M.  dextrorsus,  M.  cf.  dubius,  M.  cf.  falx,  M.  griestoniensis,  M.  nudus, 

M.  priodon,  M,  spiralis,  M.  aff.  variab?  I  is,  M,  vomerinus,  M.  vomerinus 
crenu latus,  R.  geinitzianus,  R.  geinitzianus  angustidens  and  Stom.  grandis. 

Monograptus  sartorius  Tornquist 
Plate  XI,  figs.  7,  10. 

1951  Monograptus  sartorius  Tornquist.  Boucek  and  Pribyl,  On  some  slender  species 
of  the  genus  Monograptus  etc . ,  p.5,  text  fig.  la,  pi.  ii,  figs.  8,9. 

Hypotype.  JE-l-66,  255-275/G 

Horizon .  Zone  of  M.  spiral  is. 

Discussion .  The  Clearwater  Creek  section  yields  rare  examples  of  this  Bohemian 
form,  previously  unrecorded  from  northern  Canada. 

The  rhabdosome  is  typically  very  weak  and  slender  (0.3-0. 4  mm.) 
and  bears  thecae  generally  on  the  concave  margin  of  the  flexed  and  curved 
forms.  The  interthecal  width  is  only  0.1  mm.  The  longest  fragment  preserved 
(pi.  XI,  fig.  7)  is  40  mm.  long.  The  thecae  are  lobate,  slightly  triangular, 
but  not  obviously  enrolled.  Thecal  density  is  7-9  in  10  mm. 

Proximaly  portions  of  _M.  crispus  match  M,  sartorius,  however,  the  wider 
rhabdosome  and  enrolled  thecae  of  M_.  crispus  are  distinct  from  this  form. 

The  associated  fauna  includes  M.  spiralis,  Stom .  grandis  and  the 
remaining  faunas  typical  of  their  horizons. 
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Monograptus  scanicus  Tullberg 
Plate  XI,  figs.  II,  13,  Plate  XIV,  fig.  8. 

1901-1918  Monograptus  scanicus  Tullberg.  Elies  and  Wood,  Mon.  Brit.  Grapt.,  p.  433, 
text  figs.  297a-d;  pi.  xliv,  figs.  2a-d. 

Hypotype.  JE-l-66,  440-445/1 1 IG . 

Horizon .  Zone  of  M.  nilssoni. 

Discussion .  Monograptus  scanicus  is  common  throughout  the  M.  nilssoni  Zone  and  is 
not  confined  to  any  one  horizon  as  in  British  sequences. 

The  fragments  illustrated  are  straight,  slender  rhabdosomes  (max.  width 
l.l  mm.).  With  8-9  thecae  in  consisting  of  10  mm.,  hooked  tubes,  with 
attenuation  and  retroversion  at  apertural  extremities. 

Monograptus  irfonensis,  a  grossly  similar  form  from  the  Upper 
Wenlockian  beds,  does  not  show  the  characteristic  thecal  tubes  with 
short  spine-like  protrusions  from  the  apertural  margin  in  compressed  specimens. 

The  total  M.  nilssoni  Zone  fauna  is  in  association  with  this  species. 

Monograptus  aff.  scanicus  Tullberg 
Text  figs.  5d,  e;  Plate  XI,  figs.  16,  17. 

Hypotype..  JE-l-66,  270-300/18 

Horizon.  Zone  of  M.  spiralis  (Subzone  of  Stom.  grandis)  to  zone-unit  M.  cf.  latus 
and  C.(?)  cf.  gracilis. 

Discussion.  Several  fragments  from  the  Upper  Llandoverian  and  Lower  Wenlockian  beds 
were  designated  M.  aff.  scanicus  on  the  basis  of  their  slender  rhabdosomes 
(max.  width  0.7-0. 9  mm.)  and  their  similar  thecal  form. 

The  thecae  of  the  Wenlockian  forms  are  clearly  illustrated  in  text 
figs.  5d,  e.  These  are  straight  tubes,  highly  inclined  and  closely  oppressed. 
The  apertural  extremities  generally  are  attenuated  and  retroverted  but  may  be 
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broader  hooks  or  be  compressed  into  denticles  on  the  ventral  margin  of  the 
apertural  outline. 

Those  forms  illustrated  in  p«l.  XI,  figs.  16  and  17  show  more  remote 
thecae  and  more  distinct  hooks.  These  forms  may  be  related  to  thinner  but 
grossly  similar  forms  illustrated  by  Rickards  (1965). 

If  text  fig.  5d  is  not  a  true  proximal  portion  then  both  forms  may 
be  fragments  of  diversograptids  or  even  cyrtograptids. 

Jackson  and  Lenz  (1962)  report  M.  aff.  scanicus  from  Wenlockian 
beds  in  the  northern  Yukon.  No  specimens  of  this  form  have  been  examined 
for  comparison  to  thesis  forms. 

The  associated  fauna  in  each  horizon  of  M.  aff.  scanicus  may  be 
found  in  Appendix  B. 

Monograptus  sedgwick?  (Port lock) 

Plate  XI,  figs.  18-21. 

1901-1918  Monograptus  sedgwick?  (Portlock).  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  441,  text  figs.  304a-e;  pi.  xliv,  figs.  lOa-f. 

Hypotype.  JE-l-66,  207-2I0/2A. 

Horizon .  Zones  of  M.  gregarius  to  M.  turriculatus. 

Discussion .  This  is  the  first  record  of  M.  sedgwicki  in  northern  Canada.  Fragments  of 
this  species  are  common  to  abundant  in  the  Zones  of  M_.  gregarius  to  M. 
sedgwicki  and  in  the  lower  portion  of  the  M.  turriculatus  Zone. 

There  is  a  variation  in  the  intertheca  I  width  of  forms  referred  to 
M.  sedgwicki  in  these  horizons.  The  older  forms  show  a  total  width  of 
2.0  mm.  (excl.  of  spine)  but  an  intertheca  I  width  of  only  0.7  mm.  (in 
the  hypotype).  Species  from  the  younger  horizons  (JE-l-66,  215/AI)  have 
a  similar  maximum  width  but  the  intertheca  I  width  is  1.0  mm.  or  more. 
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Thecae  in  both  cases  show  a  similar  slight  retroversion  and  severe 
attenuation  ending  in  short  spines  in  some  cases. 

The  rhabjdosome  is  straight  and  rigid,  up  to  4  cm.  long.  Proximal 
portions  are  never  preserved. 

The  two  distinct  forms  discussed  may  represent  proximal  and  distal 
portions  of  one  type.  However,  it  is  possible  that  forms  intermediate 
between  M.  sedgwicki  and  M.  hall?  are  being  dealt  with  here.  Indeed, 
many  of  the  M»sedgwicki  specimens  identified  in  the  215  foot  sample  may 
be  close  to  M.  halli  although  their  thecal  form  did  not  indicate  this. 

The  associated  faunas  include  M.  clingani,  M.  leptotheca, 

M.  mil lepeda,  M.  turriculatus  minor,  Rastr.  cf.  hybridus  and  Rastr .  cf. 
peregrinus  along  with  other  less  diagnostic  faunas. 

Monograptus  spinulosus  Tu  1 1  berg 
Text  figs.  5f,  g. 

1945  Monograptus  spinulosus  Tullberg.  Waterlot,  Les  Grapt.  du  Maroc,  p.  81, 
text  fig.  373. 

Hypotype.  JE— 1—66,  290/25. 

Horizon.  Zone  of  M.  spiralis  (Subzone  of  Stom.  grand  is). 

Discussion.  This  species  occurs  rarely  in  the  section  from  the  Zone  of  M. 
spiralis. 

The  hypotype  form  matches  the  curved  rhabdosome  of  those  illustrated 
in  Waterlot  (1945).  Text  fig.  59  shows  an  accurately  curved  specimen  with 
a  hint  of  dorsal  curvature  in  the  proximal  end.  In  general,  the  thecae  are 
borne  on  the  concave  margin  and  may  be  simple  climacograptid  excavations 
or  small  tubes  with  retroverted  apertures.  The  hypotype  shows  the  typical 
excavations  with  the  upper  thecal  margin  projecting  as  a  spine  or  hood. 
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The  longest  fragment  preserved  is  3  cm.  long,  the  maximum  width 
is  1.0  mm.  and  the  thecal  density  is  9-10  in  10  mm. 

In  the  290  foot  sample,  C.  canadensis,  C.  lapworthi,  M.  capillaceus, 
M.  minimus?,  M.  priodon,  M.  spiralis,  M.  vomerinus,  M.  vomerinus 
basilicus,  R.  geinitzianus,  R.  geinitzianus  angustidens,  and  Stom.  grandis 
completed  the  associated  fauna. 

Monograptus  spiralis  (Geinitz) 

Plate  XII,  figs.  1-13. 

1901-1918  Monograptus  spiralis  (Geinitz).  Elies  and  Wood,  Mon.  Brit.  Grapt., 
text  figs.  33la-c;  pi.  xlviii,  figs.  7a-d. 

1944  Spirograptus  spiralis  spiralis  (Geinitz).  Pribyl,  The  Middle- European 

monograptids  of  the  genus  Spirograptus  Gurich,  p.  6,  text  fig:.  I, 
figs.  3-4;  pi.  I,  figs.  1-4,  pi.  v,  figs.  1-3. 

Hypotype.  JE-l-66,  255-270/10. 

Horizon .  Zone  of  M.  spiralis. 

Discussion .  This  is  the  most  characteristic  and  abundant  species  in  this  and  all 
northern  Canadian  Upper  Llandoverian  graptolitic  successions.  Plate  II, 
fig.  I  is  taken  from  a  talus  slab  at  245  feet  in  the  Clearwater  Creek 
section  and  shows  the  typical  abundance  of  this  species  in  this  horizon. 

The  hypotype  is  an  excellently  preserved  specimen  showing  6 
whorls  and  has  a  maximum  diameter  of  5  cm.  Even  larger  forms  are 
found  in  other  sections  in  the  South  Nahanni  River  region  (D.  Wilson 
pers.  comm.,  1967).  Also  seen  in  the  hypotype  is  the  helically  coiled 
habit  of  the  proximal  portion;  in  Europe  such  specimens  are  referred  to 
M.  subconicus  Tornquist  (Pribyl,  1944).  The  forms  illustrated  in  pi.  XII, 
figs.  10-13  are  thought  to  be  proximal  portions  but  do  not  widen  to  the 
extent  of  that  species. 
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Variation  in  thecal  profile  in  M.  spiralis  is  abundantly  evident  in 
the  illustrated  forms.  The  hypotype  shows  the  typical  progression  from  small 
subtriangular  proximal  thecae  (rhabdosome  width  1.5  mm.  including  thecal 
spines  at  approximately  theca  12)  with  reflexed  or  broadly  hooked  apertural 
extremities  and  a  small  projecting  roof  called  a  "scepellum"  or  more 
commonly  a  hood  or  spine  (best  seen  in  pi.  XII,  fig.  4).  Later  thecae 
are  subtriangular,  just  in  contact,  elongate  (rhabdosome  width  2.5  mm. 
including  spine  at  approx,  theca  30),  sinuous  rather  than  reflexed,  and 
the  hood  projects  as  a  spine  from  a  continuously  attenuating  apertural 
region  rather  than  from  the  top  of  a  hooked  form.  This  intermediate  thecal 
type  is  best  shown  in  2nd  whorl  of  the  hypotype  (pi.  XII,  fig.  I).  The  most 
distal  thecae  are  long  spikes  which  have  triangular  bases  in  contact,  but 
this  feature  is  obscure  (rhabdosome  width  greater  than  3  mm.  including 
spine).  It  is  difficult  to  determine  where  the  actual  theca  stops  and  the 
spine  or  "scepellum"  begins.  These  distal  whorls  probably  represent 
what  previous  workers  (e.g.  Thorsteinsson,  1958  and  Ruedemann,  1947) 
have  referred  to  as  M.  convolutus  coppinger? . 

In  the  hypotype  the  rhabdosome  increases  from  0.4  mm.  proximal ly 
to  3  mm.  (excl.  of  spine);  thecal  density  is  9-10  in  10  mm. 

Spirograptus  spiralis  con  tortus  (in  Pribyl,  1944)  is  considered  to  be 
a  juvenile  form  of  M.  spiralis. 

The  associated  faunas  include  all  those  species  from  the  top  of 
the  M.  turriculatus  Zone  to  the  base  of  the  zone-unit  of  C.  canadensis 
and  lapworthi  in  this  section.  Special  mention  should  be  given  the 
association  of  Stom.  grand  is  in  the  upper  range  of  this  species.  In  both 
the  Delorme  Range  and  Whittaker  Range  sections,  M.  spiralis  extends  into 
beds  carrying  the  last  occurrence  of  Stom .  grandis.  There  is  therefore  some 
suggestions  that  M_.  spiralis  extends  into  Lower  Wen  lock  ian  strata  in 
northern  Canada. 
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Monograptus  testis  Barrande 
Plate  XIII,  figs.  1-4. 

1952  Monograptus  testis  Barrande.  Munch,  Die  Grapt.  o.d.  angtehenden  Gotlandium 
Deutschlands  und  der  Tschechoslowakei,  p.  105,  taf.  30,  fig.  7. 

Hypotype.  JE— 1—66,  355/C. 

Horizon .  Zone  of  M.  testis. 

Discussion .  This  is  a  very  abundant  species  in  its  own  zone  in  the  thesis  section  and 
in  most  northern  Canadian  sections. 

The  wide,  broadly  curved  rhabdosome  bearing  long,  distinct  apertural 
spines  can  not  be  mistaken  for  any  other  form  in  the  thesis  section.  Proximal 
portions  are  recurved  but  never  enrolled  as  in  Munch's  (1952)  illustrated 
forms.  The  proximal  rhabdosome  width  is  0.8  mm.  but  widens  rapidly  to  a 
maximum  of  2.0  mm.  (excl.  of  spines).  The  thecal  density  is  12-13  in  10  mm. 

The  proximal  thecae  do  not  appear  to  bear  obvious  spines  but  are 
closely  set,  highly  overlapped  tubes  with  retroverted  apertural  regions.  The 
distal  thecae  are  not  retroverted  to  any  extent  but  are  beak-shaped  and 
comparable  to  those  of  M.  sedgwicki.  This  form  attenuates  quickly  and 
diminishes  continuously  into  long  tenuous  spines  (up  to  4.0  mm.).  These 
spines,  as  illustrated,  tend  to  lie  in  every  direction,  often  crossing  the 
rhabdosome  and  projecting  from  the  dorsal  margin.  Plate  XIII,  fig.  4  shows 
such  a  random  projection  of  spines.  The  abundance  of  the  spines  suggests 
that  individual  thecae  may  bear  more  than  one  spine  but  no 
specific  example  of  this  was  found. 

Rhabdosomes  up  to  10  cm.  in  length  are  excellently  preserved 
and  clearly  pictured  in  pi.  xiii. 
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In  the  light  of  the  above  comments  on  the  proximal  thecae  of 
M.  testis  ss.,  the  validity  of  Elies  and  Wood's  (1901-1918)  _M.  testis 
inornatus  is  questioned. 

?Cyrtograptus  lundgreni  is  shown  associated  with  M_.  testis  in 
pi.  XIII,  fig.  3.  Other  associated  faunas  include  C(?)  cf.  gracilis, 

G .  aff.  nassa,  M.  dubius,  M.  aff.  dubius.  M.  f lemingii,  M.  irfonensis, 
M.  jaekeli  ?,  M.  nilssoni,  M.  priodon,  M.  vomerinus,  and  Spinogr.  cf. 
spinosus. 


Monograptus  tortilis?  Linnarsson 
Plate  XIV,  fig.  I. 

1901-1918  Monograptus  tortilis  Linnarsson.  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  440,  text  fig.  303;  pi.  xliv,  fig.  6. 

Hypotype.  JE-l-66,  207-210/8. 

Horizon .  Zones  of  _M.  gregarius  to  M.  sedgwicki. 

Discussion.  A  single  poorly  preserved  monograptid  is  questionably  assigned  to  M. 
tortilis. 

A  1.5  cm.  long  curved  fragment  of  the  polypary  measures  1.5  mm. 
wide  and  bears  5  th./5  mm.  The  free  portion  of  the  thecae  occupy  about 
3/4  the  total  rhabdosome  width.  They  project  as  isolate,  slightly  recurved 
tubes  with  broadly  triangulate  bases. 

The  specimen  is  associated  with  the  amplexograptids,  climagraptids?, 
glyptograptids,  monograptids,  petalograptids,  and  rastritids  from  the  207-210 
foot  sampie. 


Monograptus  cf .  triangulatus  (Harkness) 
Plate  XIV,  figs.  2,  3. 
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1952  Demirastrites  triangulatus  Harkness.  Munch,  Die  Grapt.  a.d.  anstehenden 

Gotlandium  Deutschlands  und  der  Tschechoslowokei,  p.  127,  pi.  42,  fig.  I  „ 
Hypotype.  JE— 1—66,  207-210/20. 

Horizon .  Zones  of  M.  gregarius  to  M.  sedgwicki. 

Discussion.  The  few  specimens  assigned  to  this  species  were  originally  thought  to 
belong  to  the  genus  Rastrites.  Dr.  B.  Boucek  (pers.  comm.,  1967)  briefly 
examined  these  specimens  and  suggested  that  this  form  is  probably  the 
European  species  Demirastrites  triangulatus. 

The  fragments  are  short  and  curved,  bearing  thecae  on  the  convex 
margin.  The  thecae  are  semi-isolated  0.6-0. 7  mm.  wide,  and  project  2.0  mm. 
(max.)  (max.  total  rhabdosome  width  -  2.5  mm.).  The  thecae  in  some  cases 
bear  blunt  apertural  extremities  and  in  others  pinch  aperturally  into  short 

9 

spines.  The  thecal  density  in  the  hypotype  is  5-6  th./5  mm. 

The  associated  fauna  is  that  listed  for  the  207-215*  and  207-210 
foot  samples  in  Appendix  B. 

Monograptus  cf .  turriculatus  (Barrande) 
no  figure 

1944  Spirograptus  turriculatus  turriculatus  (Barrande).  Pribyl,  The  Middle- European 
monograptids  of  the  genus  Spinograptus  Gurich,  p.  27,  pi.  x,  figs.  1-2. 

Hypotype.  JE— 1—66,  225/1. 

Horizon .  Zone  of  M.  turriculatus. 

Discussion.  Monograptus  turriculatus  is  rarely  and  questionably  represented  in  the 
thesis  section. 

It  is  identical  in  all  features  to  the  more  abundant  and  better 
preserved  M.  turriculatus  minor  except  that  it  is  made  up  of  more  than 
4-6  loops  and  is  in  general  a  larger  form. 
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Elies  and  Wood  (1901-1918)  did  not  distinguish  the  typical  form  from 
it  subspecies. 

Monograptus  turriculatus  does  not  extend  beyond  its  own  zone  in 
the  thesis  section. 


Monograptus  turriculatus  minor  (Boucek) 

Plate  XIV,  figs.  4-6 

1944  Spirograptus  turriculatus  minor  (Boucek).  Pribyi,  The  Middle- European 

monograptids  of  the  genus  Spinograptus  Gurich,  p.  29,  text  fig.  iii,  figs.  1-2. 
Hypotype.  JE— 1—66,  215/5. 

Horizon .  Zone  of  M.  turriculatus  and  questionably  in  the  Zones  of  M.  gregarius  to 
M.  sedgwick? . 

Discussion .  This  is  a  common  to  abundant  form  in  the  Zone  of  M.  turriculatus. 

The  continuously  helically  coiled  rhabdosome  is  unique  in  the 
Silurian  graptolites.  Forms  assigned  to  this  subspecies  have  less  than  6  loops 
in  this  "tower".  The  thecae  are  triangulate,  of  the  general  M.  sedgwicki- 
type,  show  minor  reflexion,  and  pinch  aperturally  into  short  spines  (0.5  mm. 
long).  The  thecae  occupy  1/3  to  1/2  the  total  rhabdosome  width  which  is 
1.0  mm.  (excLspines). 

The  presence  of  more  than  one  thecal  spine  as  suggested  in  Elies 
and  Wood's  (1901-1918)  illustrations  is  not  recognized  in  the  thesis  material. 

The  total  height  of  the  helical  spire  in  the  hypotype  is  1.3  cm. 

The  associated  fauna  in  the  Zone  of  M_.  turricu latus  minor  consists 
of  Div.  cf.  ramosus,  M.  cl ingani,  M,  cf.  concinnus,  M.  decipiens?, 

M.  cf.  ha Ili,  M.  marri,  M.  nodifer,  M.  cf.  nudus,  M.  pandus,  M.  aff. 
priodon,  M.  runcinatus,  M.  sedgwicki,  M.  cf.  turricu  latus,  P.  palmeus, 
and  Rastr.  longispinus ? 
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Monograptus  uncinatus  Tull  berg 
Plate  XIV,  figs.  7,8. 

1901-1918  Monograptus  uncinatus  var.  orbatus  Wood.  Elies  and  Wood,  Mon.  Brit. 
Grapt.,  p.  427,  text  figs.  290  a,b;  pi.  xliii,  figs.  la-d. 

1959  Monograptus  uncinatus  Tullberg.  Jaeger,  Grapt.  und  strat.  des  junsten 

Thuringer  Silurs.  p.  112,  text  figs.  I8a-g;  pi.  6,  figs.  1-6,  pi.  7,  figs.  1,2. 
Hypotype.  JE— 1—66,  440-445/1. 

Horizon .  Zone  of  M.  nilssoni. 

Discussion .  This  is  a  common  to  abundant  form  in  the  M.  nilssoni  Zone  of  the  thesis 
section . 

The  thesis  specimens  exhibit  a  straight  rhabdosome  with  slight  ventral 
curvature  in  the  proximal  portion  (bends  at  th.  12-14)  and  slight  dorsal 
curvature  in  the  most  proximal  portion  (bends  at  th.  4-5). 

The  rhabdosome  widens  quickly  from  0.5  mm.  to  a  maximum  of  2.0  mm. 

The  rhabdosome  length  is  usually  greater  than  4.0  cm.  The  sicula  is  not  preserved. 
Thecal  density  in  the  hypotype  is  11-12  in  10  mm.  (distally). 

The  thecae  are  hooked  in  the  general  /W  priodon  form,  that  is, 
large  robust  hooks;  the  free  portion  of  the  thecae  occupy  about  1/3  of 
the  total  rhabdosome  width.  Although  some  thecae  attenuate,  they  are 
certainly  not  the  consistently  pinched  forms  illustrated  in  Elies  and  Wood's 
M.  uncinatus  orbatus. 

Monograptus  bohemicus,  M.  nilssoni,  and  the  remaining  monograptids 
characteristic  of  the  M.  nilssoni  Zone  accompany  M.  uncinatus  in  the  thesis 
section. 


Monograptus  cf.  undulatus  Elies  and  Wood 


Plate  XIV,  figs.  9,  10. 
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1901-1918  Monograptus  undulatus  Elies  and  Wood,  Mon.  Brit.  Grapt.,  p.  432,  text 
fig.  295;  pi.  xlv,  fig.  5. 

Hypotype.  JE-l-66,  260/fr . 

Horizon .  Zone  of  M.  spiralis. 

Discussion.  A  well  preserved,  long  specimen  from  the  260  foot  sample  is  best 

matched  with  the  British  form,  M.  undulatus.  A  short  fragment  from  the 
250  foot  sample  is  included  because  of  its  similar  thecae. 

The  rhabdosome  is  6.4  cm.  long  and  severely  flexed  in  the  proximal 
portion.  Although  oppressed  in  the  distal  portion,  the  thecae  are  well 
exposed  on  the  concave  margin.  These  thecae  occupy  2/3  of  the  total 
rhabdosome  width  (L0  mm.);  they  are  simple  tubes,  overlap  very  little, 
and  exhibit  retroversion  of  the  apertural  extremities  but  show  only  moderate 
attenuation.  Thecal  density  is  9  in  10  mm. 

The  sicula  is  1.5  mm.  long  and  possesses  a  short  (0.8  mm.  long) 
virgel  la . 

Although  the  thecal  form  matches  that  of  M.  undu latus,  the 
rhabdosome  illustrated  by  Elies  and  Wood  is  not  as  long  or  flexed.  The 
general  rhabdosome  shape  matches  that  of  M.  flexuosus  but  the  thesis  form 
is  much  wider. 

The  associated  fauna  of  the  hypotype  includes  M.  acus,  M. 
griestoniensis,  M.  nudus,  M.  priodon,  M.  spiralis,  M.  exgr.  vomerinus  and 
R ■  cf .  geinitzianus. 

Monograptus  aff.  variabilis  (Perner) 

Text  fig.  5h. 

1901-1918  Monograptus  variabilis  (Perner).  Elies  and  Wood,  Mon.  Brit.  Grapt.,  p.  374, 
text  figs.  245a-c;  pi.  xxxvii,  figs.  5a,  b. 


' 


Kr-  .q  ,  }0iQ  .1  1  .r  M  ,bocW  bfw  joIIB  (lenieS)  zilioohov  eul  r>oM  8I9M09I 


125 


Hypotype.  JE— 1—66,  270/32, 

Horizon .  Zone  of  M.  spiral  is  (Subzone  of  Stom.  grand  is). 

Discussion .  A  single  fragment  from  the  base  of  the  Stom .  grandis  Subzone  possesses 
thecae  closely  resembling  those  of  M.  variabilis. 

The  rhabdosome  is  greater  than  3,0  cm,  long  and  broadly  curved 
with  thecae  on  the  concave  margin.  The  maximum  width  of  the  rhabdosome 
is  0,8  mm.  and  thecal  density  is  10  in  10  mm. 

The  thecae  are  simple  tubes  showing  ogee  curvature  (intertheca I 
septum  prominent).  The  aperture  is  a  simple  round  opening;  the  ventral 
margin  appears  pinched  in  some  perservations.  The  thecae  are  also  slightly 
reminiscent  of  those  of  M_.  nilssoni . 

The  general  rhabdosome  size  and  shape  and  the  thecal  form  are 
similar  to  M.  variabilis  from  the  M,  crispus  Zone  in  Britain. 

The  associated  faunas  are  M.  acus,  M,  dextrorsus,  M.  cf.  dubius, 

M.  cf.  falx,  M.  griestoniensis,  M.  nudus,  M.  priodon,  M.  aff  runcinatus, 
M.  spiralis,  M.  vomerinus,  M.  vomerinus  crenulatus,  R.  geinitzianus, 

R.  geinitzianus,  angustidens  and  Stom .  grandis. 

Monograptus  varians  Wood 
Text  fig.  5i, plate  XIV,  figs.  1 1—14. 

1901-1918  Monograptus  varians  Wood.  Elies  and  Wood,  Mon,  Brit.  Grapt.,  p,  395, 
text  figs.  263a-c;  pi.  xxxix,  figs.  6a-e. 

Hypotype.  JE— 1—66,  475/1  IF. 

Horizon.  Zone  of  M.  nilssoni  (Subzone  of  _M.  bohemicus) . 

Discussion.  This  is  a  common  form  in  the  section.  The  dorsal  margin  of  the  polyary 
is  straight  and  rigid  distally  but  has  slight  curvature  first  ventrally,  then 
dorsally  in  the  most  proximal  portion  (see  text  fig.  5i  and  pi.  XIV,  fig.  II). 
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The  rhabdosome  is  short  (max.  length  L5  cm.)  and  widens  rapidly  from 
0.35  mm.  to  a  distal  width  of  2.0  mm.  The  thecal  density  is  11-12  in  10  mm. 

Text  fig.  5i  clearly  shows  that  the  proximal  3  thecae  are  retroverted 
aperturally.  The  distal  thecae  are  simple  sigmoidal  tubes  highly  inclined  and 
show  simple  oval  thecal  openings. 

The  sicula  is  vaguely  discernible  and  bears  a  short  virgella. 

The  extended  virgula  is  seen  in  pi.  XIV,  fig.  14. 

In  poorly  preserved  and  fragmented  specimens,  M.  varians  is  confused 
with  M.  colonus,  thus  many  forms  are  designated  AA.  colonus  -varians. 

Monograptus  varians  ss.  is  only  found  with  M.nilssoni  when  M. 
bohemicus  is  present. 

Monograptus  varians  cf .  pumi lus  Wood 
no  figure 

1901-1918  Monograptus  varians  pumi  lus  Wood.  Elies  and  Wood,  Mon.  Brit. 

Grapt.,  p.  376,  text  figs.  264a-c;  pl.xxxix,  figs.  7a-e. 

Hypotype.  JE— 1—66,  380 

Horizon .  Zone  of  M_.  nilssoni . 

Discussion.  A  single  specimen  of  M.  varians  is  assigned  to  the  subspecies  on  its 
small  rhabdosome  size  and  closely  spaced  thecae. 

Monograptus  vomerinus  (Nicholson) 

Plate  XIV,  figs.  15,  16. 

1901-1918  Monograptus  vomerinus  (Nicholson).  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  409,  text  figs.  275a-f;  pi.  xli,  figs.  la-e. 

Hypotype.  JE—  I —66,  265/lK. 

Horizon.  Zone  of  M.  spiralis  to  Zone  of  M^  testis. 
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Discussion .  This  is  one  of  the  most  abundant  forms  in  the  thesis  section.  Forms 
designated  as  M.  ex  gr.  vomerinus  may  be  either  M.  vomerinus  ss.  or 
M.  vomerinus  crenulatus. 

The  thesis  forms  are  up  to  125  mm,  long,  2,5  mm,  wide  (L6  mm, 
in  hypotype),  and  the  thecal  density  in  the  hypotype  is  8-9  in  10  mm. 

The  species  is  defined  on  its  conspicuous  climacograptid-type  thecae.  Margin 
excavations  occupy  up  to  1/3  of  the  total  rhabdosome  width.  Infragenicular 
walls  are  0. 7-0,8  mm.  long  in  the  hypotype.  The  interthecal  septa  where 
seen  show  that  the  thecae  are  short. 

The  greater  extent  of  the  excavation  separates  this  species  from  its 
subspecies,  M_.  vomerinus  crenulatus  (compare  specimens  shown  in  pl„  XIV, 
figs.  16  and  19). 

The  long  range  of  this  form  associates  it  with  the  total  A4.  spiralis 
to  M.  testis  Zone  faunas. 

Monograptus  vomerinus  basilicus  Lapworth 
Text  fig.  6a;  Plate  XIV,  fig.  17. 

1901-1918  Monograptus  vomerinus  basilicus  Lapworth.  Elies  and  Wood,  Mon.  Brit, 
Graph,  p.  411,  text  figs,  276a;  b;  pi.  xli,  figs.  2a-d. 

Hypotype,  JE-l-66,  290/34. 

Horizon .  Zone  of  M.  spiralis  (Subzone  of  Stom.  grand  is) . 

Discussion.  The  greater  width  of  this  form  separates  it  from  other  M.  vomerinus 

types.  The  hypotype  is  2 . 4  mm.  wide  and  bears  the  typical  climacograptid 
thecae.  Thecal  excavations  occupy  up  to  1/4  of  the  rhabdosome  width. 

The  occurrence  of  this  form  with  M_.  spiralis  and  Stom.  grandis 
suggests  an  older  age  than  that  recorded  in  Britain, 
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Monograptus  vomerinus  crenu  latus  (Tornquist) 

Plate  XIV,  figs.  18-20. 

1901-1918  Monograptus  vomerinus  crenulatus  (Tornquist).  Elies  and  Wood,  Mon  Brit. 

Grapt.,  p.  412,  text  figs.  278a-e;  pi.  xli,  figs.  4a-d. 

Hypotype.  JE-l-66,  255-270/F. 

Horizon .  Zone  of  M^  spiralis. 

Discussion .  Common  examples  of  this  subspecies  are  present  in  the  lower  and  middle 
parts  of  the  M_.  spiralis  Zone. 

The  minor  excavation  (less  than  1/3  of  total  rhabdosome  width) 
and  slightly  denser  thecal  packing  (9-10  th./IO  mm.)  separates  this  form 
M .  vomerinus  ss . 

The  associated  faunas  include  M_.  acus,  M.  dextrorsus,  M.  cf. 
falx,  M.  griestoniensis,  M.  nudus,  M.  pandus,  M,  priodon,  M.  sartorius, 
M.  spiralis,  M.  cf.  turriculatus,  Stom.  grandis  and  others  (see  Appendix  B). 

Monograptus  vomerinus  gracilis  Elies  and  Woods 
Text  figs.  6b,  c. 

1901-1918  Monograptus  vomerinus  gracilis  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  411,  text  fig.  277;  pi.  xli,  figs.  3a-d. 

Hypotype.  JE-l-66,  335/27. 

Horizon.  Zone-unit  of  C.  canadensis  and  lapworthi  to  zone-unit  of  M_.  cf.  ]atus 
and  C.(?)  cf.  gracilis. 

Discussion.  Thesis  forms  referred  to  this  subspecies  are  common  in  the  Lower  Wen  lock 
strata  of  the  Clearwater  Creek  section. 

The  dorsal  curvature  of  the  proximal  portion  of  the  rhabdosome  is 
characteristic  of  M.  vomerinus  gracilis.  The  width  of  the  rhabdosome  is 


0.8-1. 5  mm.;  thecal  density  is  10-12  in  10  mm. 
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This  form  is  morphologically  similar  to  M.  linnarssoni  which  has  a 
more  pronounced  distal  twist  and  is  narrower  (max.  width  l.l  mm.). 

The  associated  faunas  include  C_.  canadensis,  C .  lapworthi, 

C ♦  rigidus ?,  C.  cf.  mancki,  M.  capillaceus,  M.  riccartonensis,  and 
M.  cf.  latus.  (For  a  complete  list  see  Appendix  B.) 

Monograptus  cf .  vulgaris  Wood 
Plate  XIV,  fig.  21. 

1901-1918  Monograptus  vulgaris  Wood.  Elies  and  Wood,  Mon.  Brit.  Grapt.,  p.  378, 
text  figs.  248a,  b,  pi.  xxxvii,  figs.  I0a-e. 

Hypo  type.  JE— 1—66,  415/17. 

Horizon .  Zone  of  M_.  nilsson? . 

Discussion .  Although  common  in  the  basal  M.  nilsson i  Zone,  M,  cf.  vulgaris  is 
rare  in  succeeding  strata. 

Warren,  Rickards,  and  Holland  (1966)  point  out  that  M.  vulgaris 
in  the  type  specimen  in  a  junior  synonym  of  Pristiograptus  ludensis. 

This  type  specimen  is  shown  in  text  fig.  248a,  and  pi.  xxviii,  fig.  10a 
in  Elies  and  Wood  (1901-1918).  Although  these  forms  were  used  to  identify 
the  thesis  specimens,  the  fact  that  some  variance  from  the  illustrated  forms 
occurred  may  indicate  that  the  study  specimens  are  not  P.  ludensis  but  one 
of  the  new  forms  which  those  authors  propose  to  erect. 

The  measurements  on  the  hypotype  are:  length  4  cm.;  width,  prox. 

7  mm.;  distal  2.1  mm.;  thecal  density,  9-10  th./IO  mm.  (distally);  thecal 
length,  3.3  mm.;  thecal  width  0.7  mm.  The  thecae  are  straight  simple 
tubes  (occasionally  showing  slight  curvature  of  the  interthecal  septa);  highly 
inclined,  and  overlap  3/4  of  their  length. 
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The  proximal  portion  is  poorly  preserved  but  appears  to  undergo  slight 
ventral  curvature.  Proximal  thecae  are  shorter  and  inclined  at  a  lower  angle. 

The  associated  fauna  places  this  species  in  the  M.  nilssoni  Zone.  The 
exact  identification  of  the  study  specimens  awaits  further  resolution  of  P. 
ludensis  from  M.  vulgaris-type  forms. 

Monograptus  cf.  vulgaris  curtus  Elies  and  Wood 
no  figure 

1901-1918  Monograptus  vulgaris  curtus  Elies  and  Wood,  Mon.  Brit.  Grapt.,  p.  379; 

pi.  xxxvii,  fig.  I. 

Hypotype.  JE— 1—66,  420-430. 

Horizon .  Zone  of  M_.  nilssoni  (Subzone  of  M.  bohemicus) 

Discussion .  A  single  specimen  is  designated  M.  vulgaris  curtus  on  the  basis>  of  its 
general  similarity  to  M.  cf.  vulgaris  but  is  smaller  in  size. 

Monograptus  sp.  E 
no  figure 

This  term  was  originally  applied  to  specimens  which  were  referable 
to  either  M.  spiral  is,  M.  falx  or  M.  proteus  until  further  study  resolves 
this  confusion. 

As  used  in  the  290  foot  sample,  Monograptus  sp.  E  encompasses 
the  above  problem  plus  the  additional  possibility  that  these  curved  fragments 
could  be  proximal,  unramified  portions  of  cyrograptids. 

Monograptus  spp.  H  and  K 

Text  figs.  6d-f;  Plate  XIV,  figs.  22-24,  Plate  XV,  fig.l. 


Hypotype.  JE-l-66,  420/3. 
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Horizon  .  Zone  of  M.  nilssoni.  Subzone  of  _M.  bohemicus. 

Discussion.  These  forms  are  confined  to  the  420-430  and  the  430-440  foot  samples  on 
Clearwater  Creek.  This  is  40  to  60  feet  above  the  base  of  the  M.  nilssoni 
Zone. 

The  following  measurements  apply  to  both  species: 
length  of  rhabdosome  -  2.8  cm. 

width  of  rhabdosome  -  proximo  I  ly  -  0.9  mm. 

distally  -  1.6  mm. 
thecal  density  -  10—  1 1  in  10  mm. 

The  rhabdosome  is  straight  and  rigid  showing  slight  ventral 
curvature  in  the  more  proximal  portion  (dorsal  curvature  in  most 
proximal  region).  The  thecae  appear  to  consist  of  cl imacograptid-type 
excavations  occupying  up  to  1/3  of  the  width  of  the  rhabdosome. 

Monograptus  sp.K.  exhibits  thin  hoods  or  spines  extending  over  the  top 
of  the  thecal  aperture  (spines  -  0. 1-0.2  mm.  long).  The  infragenicular 
wail  is  parallel  to  proximally  sloping  with  respect  to  the  dorsal  margin 
and  is  1.5  to  3  times  the  length  of  the  excavations.  These  genicular 
cavities  are  slightly  flattened  and  assymetrical  proximally.  The  character 
of  the  interthecal  septum  is  obscure.  Text  fig.  6d  shows  slightly  sigmoidal 
intertheca  I  septa  but  these  may  not  be  truly  representative. 

The  closest  morphological  match  for  these  thesis  forms  is  M. 

(Saeto  graptus)  leintwardinensis  as  illustrated  in  Tomczyk  (1956,  tab.  viii, 
fig.  6a,  b).  It  appears  as  if  the  distal  thecae  are  a  perfect  match  except 
that  his  forms  have  straight  interthecal  septa.  If  text  fig.  6e  is  a  true 
picture  off  the  proximal  portion  of  Monograptus  sp.  H.  then  this  distinct 
narrowing  contrasts  to  the  broad  proximal  end  of  M.  leintwardinensis. 


Although  Monograptus  sp.  H  is  abundant,  while  Monograptus  sp.  K  is 
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rare,  both  are  considered  the  same  species  which  in  the  case  of  the  former  does 
not  have  the  thecal  spines  preserved.  Furthermore,  this  thesis  species  is  considered 
to  be  closely  allied  to  M.  leintwardinensis  and  is  probably  an  older  variety  of  it. 
Associated  with  the  new  'species'  are  M.  bohemicus,  M.  chimaera,  M.  cf.  crinitus, 
M.  cf.  crinitus,  M.  colonus  varians,  M.  ex  gr.  dubius,  M,  nilssoni,  M.  scanicus, 
M.  uncinatus,  M.  varians,  M.  vulgaris?,  and  M_.  cf.  vulgaris  curtus. 

Monograptus  n.  sp.  M. 

Text  figs.  6g-i,  Plate  XV,  fig.  2. 

Hypotype.  JE— 1—66,  207-2 15t/A. 

Horizon .  Zones  of  Ml  gregarius  to  M.  sedgwicki . 

Discussion .  Monograptus  n.  sp.  M  is  a  previously  undescribed  fbrm  which  is  common 
in  the  basal  monograptid-bearing  of  the  Clearwater  Creek  section.  Although 
only  poorly  preserved  fragments  are  present,  a  composite  description  of  this 
species  is  given. 

The  rhabdosome  is  sharply  dorsal ly  recurved  at  theca  5-6  and  distal ly 
from  this  point  it  is  broadly  dorsal  ly  curved.  This  shape  is  reminiscent  of 
that  of  M.  argenteus  and  M.  revolutus.  The  rhabdosome  widens  quickly  from 
0.6  mm.  (incl.  spine)  to  1.4  mm.  (max.  incl.  spine).  A  vague  impression 
of  a  sicula  is  seen  in  some  specimens,  it  is  0.25  mm.  wide  and  1.2  mm. 
long,  extending  to  the  level  of  the  2nd  thecae.  A  questionable  thecal 
density  of  15-16  in  10  mm.  was  gained  from  distal  fragments. 

The  shape  of  the  thecae  is  puzzling.  The  first  impression  gained  from 
pi.  XV,  fig.  2  is  that  the  thecae  are  climacograptid  type  excavations  bear 
long  thin  hoods  projecting  down  over  the  opening  like  spines.  Further  study 
shows  tube- like  thecae  with  sharp  attenuation  and  are  reflexed  forming 
'pockets'  or  'excavations'  under  the  hook;  the  theca's  apertural  extremity  is 
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attenuated  into  a  spine  projecting  over  this  excavation. 

Such  forms  may  be  the  result  of  unusual  preservations  of  M.  revolutus 
or  M.  argenteus  but  the  consistency  and  abundance  of  the  described  forms 
renders  this  unlikely.  Also  the  long  attenuating  proximal  portions  of  the 
two  compared  specimens  is  not  seen  in  Monograptus  n.  sp.  M. 

Included  in  the  associated  faunas  are  ^  clingan?/  M.  cf.  decipiens, 
(see  pi.  XV,  fig.  2)  M.  leptotheca,  M.  mil lepeda,  M,  sedgwicki .  The 
total  associates  are  listed  in  Appendix  B. 

Orthograptus  ex  gr.  truncatus  Lapworth 
Text  fig.  6j. 

1901-1918  Diplograptus  (Orthograptus)  truncatus  Lapworth.  Elies  and  Wood,  Mon.  Brit. 

Grapt.,  p.  233-238,  text  figs.  154-157;  pi.  xxix,  figs.  3-7. 

Hypotype.  JE-2-66,  33— 73t  (9). 

Horizon .  Zone-unit  of  CL  aff.  trifilis  and  D.  modestus  n.  subsp.  X. 

Discussion.  While  several  questionable  orthograptids  were  found  in  the  lowest  beds 

at  the  study  section,  only  one  fragment  is  assigned  to  0_.  ex  gr.  truncatus. 

The  preserved  biserial  rhabdosome  is  9  mm.  long,  2.1  mm.  wide 
and  bears  6  thecae  in  5  mm.  These  thecae  are  1.8  mm.  long.  They  are 
simple  tubes  showing  straight  to  slightly  inward  curved  (in  some  cases 
sigmoidal)  outlines.  Thecae  overlap  1/2  to  1/3  of  their  length  and  are 
steeply  inclined.  The  outline  of  the  thecal  aperture  is  horizontal  to 
slightly  proximally  inclined  and  in  some  cases  slightly  concave.  Although 
the  apertural  margin  pinches  in  contact  with  the  free  wall  forming  a  slight 
denticle,  no  spines  are  developed. 

The  thecae  are  obviously  alternate.  The  virgula  is  obvious  in  the 
rhabdosome  and  extends  at  least  1.5  mm.  beyond  the  distal  end.  The  distal 
extremity  is  nearly  flat. 
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The  proximal  portion  is  not  preserved. 

This  simple  alternation  of  long  unadorned  thecae  is  typical  of 
orthorgraptids  of  the  0_.  truncatus  group.  The  other  fragmentary  orthograptids 
in  the  lowest  beds  are  probably  similar  forms. 

Climacograptus  aff.  trifi lis,  D .  modestus  n.  subsp.  X,  and  GL 
incertus  are  associated  with  the  typotype. 

Orthograptus  cf.  vesicu losus  Nicholson 
Plate  XV,  fig.  7. 

1901  — 1918  Diplograptus  (Orthograptus)  vesicu  losus  Nicholson.  Elies  and  Wood,  Mon. 

Brit.  Grapt.,  p.  229,  text  figs.  15 la— f ;  pi  .  xxviii,  figs.  8a-d. 

Hypotype.  JE— 1—66,  65/6. 

Horizon.  Zone-unit  of  Cl.  aff.  tr  if  i  I  is  and  D.  modestus  n.  subsp.  X. 

Discussion .  Only  two  specimens  are  assigned  to  this  species.  These  specimens 

exhibit  the  typical  orthograptid-type  thecae,  that  is,  overlapped  simple 
tubes  with  essentially  straight  walls. 

The  rhabdosome  widens  quickly  from  1.0  mm.  to  a  maximum  of 
3.4  mm.  The  total  rhabdosome  length  preserved  is  1.3  cm.  long.  Thecal 
density  is  5-6  in  5  mm. 

The  thecae  of  the  distal  portion  are  2  mm.  long,  0.55  mm.  wide, 
set  at  a  lower  angle  than  those  of  O .  ex  gr.  truncatus,  and  overlap  at 
least  3/4  of  their  length.  The  outline  of  the  aperture  is  inclined  proximo lly 
(at  outer  margin)  and  is  generally  slightly  concave. 

The  sicula  is  indistinct  but  a  short  stout  virgella  is  obvious. 

The  distal  end  is  not  preserved. 

The  large  simple  thecae,  the  great  width  of  the  rhabdosome,  even 
to  the  proximal  portion,  and  the  lack  of  adornation  of  its  thecae  (no  spines) 
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suggest  that  the  species  is  best  referred  to  O.  cf.  vesiculosus.  The 
characteristic  membranous  distal  extending  vesicle  is  not  preserved. 

The  associated  froms  are  CL  cf.  scalar?s/  Cl.  cf.  scalaris 
norma lis/  and  Gl.  cf.  incertus. 

Orthograptus  cf.  vesiculosus  penna 
Plate  XV,  fig.  3. 

1901-1918  Diplograptus  (Orthograptus)  vesiculosus  var.  penna  Hopkinson. 

Elies  and  Wood,  Mon.  Brit.  Grapt.,  p.  231;  pi.  xxviii,  figs.  9a-c. 

Hypotype.  JE-l-66,  70/10. 

Horizon .  Zone-unit  of  Cl.  aff.  trifilis  and  D.  modestus  n.  subsp.  X. 

Discussion.  Two  specimens  are  assigned  to  this  species.  They  exhibit  a  tubular, 
membranous  body  within  the  polypary  which  expands  slightly  on  leaving 
the  distal  extremity  into  a  clearly  developed  fusiform  vesicle  with  strong, 
filiform  margins. 

The  rhabdosome  is  narrower  than  that  of  _0 .  vesiculosus,  having 
a  maximum  width  of  1.5  mm.  in  the  hypotype.  The  preserved  fragment 
is  1.3  cm.  long.  The  thecae  are  of  the  same  type  as  in  O.  vesiculosus 
but  smaller  and  inclined  at  a  steeper  angle. 

Climacograptus  cf.  scalaris.  Cl.  scalaris  normalis,  Gl.  cf. 
incertus,  and  Gl  ♦  cf.  tamariscus  accompany  these  two  specimens  of 
O .  cf.  vesiculosus  penna . 

cf.  Petalograptus  elongatus  linearis  (Boucek  and  Pribyl) 

Text  fig.  6k;  Plate  XV,  fig.  8. 

1941  Petalolithus  elongatus  linearis  Boucek  and  Pribyl,  O.  rodu  Petalolithus  Suess  z 


Ceskeho  Siluru,  p.  II,  text  fig.  2,  figs.  6,7. 


9V  ,)a  1c  ■!  o  ip 
..  ’ 


136 


Horizon .  Zone-unit  of  Cl.  off.  trifilis  and  D.  modestus  n.  subsp.  X. 

Discussion .  A  single  specimen  is  referred  to  cf.  jL_  elongatus  I inearis.  The  rhabdosome 
exhibits  typically  parallel  margins  after  expanding  rapidly  from  a  proximal 
width  of  0.35  mm.  to  a  maximum  width  of  l.l  mm.  by  the  first  pair  of 
thecae.  The  sicula  (shown  in  text  fig.  6k)  is  approximately  1.2  mm.  long; 
it  is  developed  on  the  right  hand  side  of  figured  specimen  and  bears  a  short 
(0.35  mm.)  virgella. 

The  thecae  are  about  l.l  mm.  long  and  have  straight  to  slightly 
convexly  (downward)  curved  margins.  The  apertural  outline  is  straight  and 
horizontal  to  slightly  inclined. 

A  vague  median  septum  traverses  the  total  length  of  the  specimen 
(6.7  mm.)  and  projects  as  a  short  virgula  (1.0  mm.).  Thecal  density  is  7 
in  5  mm.  and  the  thecae  are  obviously  alternate  right  to  the  distal  extremity. 

The  narrow  width,  highly  inclined  thecae,  sicular  form,  and  general 
rhabdosome  shape  closely  match  _FL  elongatus  I  inearis. 

The  genus  is  questioned  because  of  the  specimens  close  similarity 
to  the  genus  Orthogrqptus. 

Associated  with  this  form  are  CL  cf.  medius  Cl .  scalaris,  Cl.  cf 
scalaris  norma  I  is,  D.  modestus  n.  subsp.  X,  Glyptograptus  sp.,  and 
Orthograptus  sp. 


Petalograptus  palmeus  (Barrande) 

Plate  XV,  fig.  6. 

1901-1918  Petalograptus  palmeus  (Barrande).  Elies  and  Wood,  Mon.  Brit.  Grapt., 
p.  274,  text  figs.  188a,  b;  pi.  xxxii,  figs.  la-d. 

Hypotype.  JE-  1-66,  207-210/8. 

Horizon.  Zones  of  M.  gregarius  to  M.  turriculatus. 
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Discussion .  This  is  a  common  species  in  these  zones. 

Although  the  general  shape  of  the  thecae  is  similar  to  those  of  _P.  palmeus 
(as  illustrated  in  Elies  and  Wood,  1901-1918),  the  rhabdosome  widens  more 
gradually  than  in  the  typical  form.  The  thesis  specimens  widen  from  0.75  mm. 
(proximal)  to  a  maximum  of  2.1  mm.  within  3  thecae.  The  hypotype  is  8.5 
cm.  long. 

A  long  extended  virgula  is  vaguely  apparent  in  the  hypotype.  It 
is  plainly  seen  as  a  median  septum  within  the  rhabdosome. 

The  sicula  is  poorly  preserved  but  appears  to  project  beyond  the 
proximal  end  somewhat  and  bears  a  stout  virgella. 

The  thecal  density  is  6-7  in  5  mm.  These  thecae  are  not  as 
steeply  inclined  as  in  _P.  elongatus  linearis,  are  up  to  1.5mm.  long, 
and  overlap  1/2  to  2/3.  The  thecal  tubes  have  straight  to  convex 
(downwards)  margins.  Typically,  the  free  margin  of  some  thecae 
overlap  the  apertural  outline  of  the  lower  thecae. 

Petalograptus  palmeus  is  associated  with  the  total  faunas  of  the 
M.  gregarius  to  M.  turriculatus  Zones  (see  Appendix  B). 

Petalograptus  palmeus  tenuis  Barrande 
no  figure. 

1901-1918  Petalograptus  palmeus  tenuis  Barrande.  Elies  and  Wood,  Mon.  Brit.  Grapt. , 
p.  276,  text  fig.  190;  pi.  xxxii,  figs.  3a-d. 

Hypotype.  JE-l-66,  207-210 

Horizon .  Zones  of  M.  gregarius  to  M.  sedgwicki . 

Discussion .  Two  forms  occur  which  match  P.  palmeus  in  most  respects,  but  are 


narrower  and  shorter.  These  are  designated  P.  palmeus  tenuis. 
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Rastrites  cf.  hybridus  (Lapworth) 

Text  fig .  61 . 

1901-1918  Monograptus  (Rastrites)  hybridus  (Lapworth).  Elies  and  Wood,  Mon.  Brit. 
Grapt.,  p.  491,  text  figs.  346a, b;  pi.  I,  figs.  4a-f. 

1945  Monograptus  (Rastrites)  hybridus  (Lapworth).  Water  lot,  Les  Grapt.  du  Ma  roc, 
p.  90,  text  fig.  447. 

Hypotype.  JE-l-66,  207-210/4. 

Horizon .  Zones  of  M.  gregarius  to  M_.  sedgwick? . 

Discussion .  Two  fragments  show  the  typical  Rastr .  hybridus  thecae,  that  is,  isolate 
spikes  with  retroverted  apertural  extremities.  These  thecae  are  2.5  mm. 
long  (max.)  and  the  interthecal  spacing  is  approximately  1.0  mm.  These 
thecae  occur  on  the  convex  margin  of  a  broadly  curved  rhabdosome  with 
an  interthecal  width  of  0.1  mm. 

The  characteristic  apertural  barb  is  obvious  in  3  of  the  preserved 
thecae  in  text  fig.  6(1). 

Rastrites  peregrinus  is  associated  on  the  same  piece  of  shale  with 
Rastr.  cf.  hybrius.  Included  in  the  total  associated  fauna  (see  Appendix  A) 
are  Rastr.  maximus?  and  numerous  Rastr.  sp. 

Rastrites  cf.  peregrinus  Barrande 
Text  fig.  6m. 

1901-1918  Monograptus  (Rastrites)  peregrinus  (Barrande).  Elies  and  Wood,  Mon.  Brit. 
Grapt.,  p.  488,  text  fig.  343;  pi.  I,  figs.  la-e. 

Hypotype.  JE-l-66,  207-210/4. 

Horizon .  Zones  of  M.  gregarius  to  M.  sedgwicki. 
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Discussion.  Two  fragments  of  Rastr .  peregrinus  are  found  in  the  study  section. 

The  thecae  are  isolate,  2  mm.  long  (max.),  separated  by  0.8-0. 9 
mm.  and  are  set  on  a  straight  rhabdosome  with  an  intertheca  I  width  of 
slightly  more  than  0.1  mm.  The  thecae  are  slightly  club-shaped,  that  is 
swollen  centrally,  and  show  no  apertural  retroversion. 

Rastrites  cf.  peregrinus  is  associated  intimately  with  Rastr.  cf. 
hybridus  and  further  associated  with  the  total  faunas  listed  in  Appendix  A 
for  this  horizon. 


Rastrites  maximus?  Carruthers 
Text  Figs.  6n . 

1901-1918  Monograptus  (Rastrites)  maximus  (Carruthers).  Elies  and  Wood,  Mon.  Brit. 

Grapt.,  p.  494,  text  figs.  350a-c;  pi.  I,  figs.  6a-e. 

Hypotype.  207-210/A. 

Horizon .  Zones  of  M.  gregarius  to  M.  sedgwicki . 

Discussion.  One  fragment  showing  only  2  thecae  was  found.  These  thecae  are 

isolate,  6  mm.  long,  separated  by  I  mm.,  and  bear  prominent  stout  hooks 
at  the  distal  ends. 

The  large  size  and  prominent  hooking  can  only  represent  Rastr. 
maximus. 

Monograptus  sp„  M  is  intimately  associated  with  these  rastritid 
fragments. 

Rastrites  longispinus ?  (Perner) 

Text  fig.  6  o. 

1901-1918  Monograptus  (Rastrites)  longispinus  (Perner).  Elies  and  Wood,  Mon.  Brit. 


Grapt.,  p.  489,  text  figs.  344  a,b;  pi.  L,  figs.  2a-g„ 
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Hy polype.  JE-l-66,  215/32. 

Horizon .  Zone  of  M.  turricu  lotus. 

Discussion.  A  single  piece  of  shale  from  the  215  foot  sample  bears  a  mass  of 
intermixed  and  overlapped  rastritid  fragments.  The  thecal  fragments 
figured  are  best  referred  to  Rastr .  longisplnus?  because  of  their  length 
(72  mm.),  thinness,  and  slight  apertural  retroversion. 

These  forms  are  associated  with  M.  turncuiatus  minor  and  the 
total  fauna  listed  for  the  Zone  of  M_.  turncuiatus. 

Retiolites  geinitzianus  Barrande 
Plate  XV,  fig.  9. 

1901-1918  Retiolites  (Gladiograptus)  geinitzianus  Barrande.  Elies  and  Wood,  Mon. 

Brit.  Grapt.,  p.  336,  text  figs.  220a-f;  pi  .  xxxiv,  figs.  8a-d. 

Hypotype.  JE-l-66,  290/60. 

Horizon.  Zone  of  M.  spiralis  to  zone-unit  of  canadensis  and  C.  lapworth? . 

Discussion.  This  form  is  common  from  its  introduction  at  the  base  of  the  M.  spiralis 
Zone  to  its  last  occurrence  in  what  are  considered  lowest  Wenlockian  beds 
in  the  study  section. 

Thesis  forms  show  the  typical  sword-shaped  rhabdosomes.  These  are 
up  to  5  mm.  wide  (and  even  wider  In  some  fragments)  and  3  to  5  cm. 
long  (most  specimens  are  fragments).  The  clathria  is  generally  obscured 
by  the  fine  reticula.  This  reticula  Is  composed  of  fine,  subregular,  rounded 

to  polygonal  pores. 

The  thecae  are  of  the  order  of  0.8  to  0.9  mm.  wide  with  straight 
inclined  thecal  margins  that  curve  concavely  (upward)  near  the  median  septum 
of  the  clathria  and  bend  to  the  horizontal  at  the  margin  forming  mucronate 
structures  (almost  spinose). 
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Stoma  tog  raptus,  with  which  Retiolites  has  been  constantly  confused, 
in  the  Late  Llandoverian,  is  distinct  by  virtue  of  its  row  of  medial  pores 
and  its  solid  thecal  margins.  In  Retiol ites  geinitzianus  the  net  structure 
continues  right  to  the  apertural  extremity.  This  is  a  critical  observation 
as  medial  pores  of  Stom .  grandis  are  often  obscure  as  in  pi.  XV,  fig.  16. 

The  author  examined  Reudemann's  (1947)  holotype  of  R.  geinitzianus 
maximus  and  using  the  above  criteria  assigns  this  form  to  Stom.  grandis. 
Medial  pores  are  very  obscurely  present  in  this  form. 

Even  this  criteria  is  difficult  to  apply  in  cases  such  as  pi.  IV, 
fig.  3  (assoc,  with  C.  canadensis)  where  the  reticula  is  either  not 
preserved  or  truly  does  not  extend  to  the  apertural  extremities  (probably 
the  latter  as  theinterthecal  septum  are  preserved). 

Although  typically  found  with  the  Llandoverian  fauna  listed,  the 
association  of  the  Wenlockian  forms  A/L,  riccartonensis,  M.  capil laceus 
and  M.  vomer inus  gracilis  is  unprecedented  in  northern  Canada. 

Retiolites  geinitzianus  angusfidens  Elies  and  Wood 
Plate  XV,  figs.  4,5. 

1901-1918  Retiolites  (Gladiograptus)  geinitzianus  var.  angustidens  Elies  and  Wood, 
p.  338,  pl.xxxiv,  figs.  9a-e. 

Hypotype.  JE— 1—66,  270/36. 

Horizon.  Zone  of  M.  spfralis  to  zone-unit  of  _C_.  canadensis  and  C.  lapworthi. 

Discussion.  This  abundant  form  is  separated  as  a  subspecies  on  its  inferior  width 
(2.5-3. 0  mm.).  It  tends  to  have  parallel  margins  nearly  throughout.  The 
thecal  character  is  identical  to  that  of  the  species  including  the 
mucronation  as  seen  in  pi.  XV,  fig.  4.  The  reticulation  is  proportionately 
finer  in  these  forms. 


■  .  .  ■ 


142 


The  subspecies  has  the  same  association  as  R.  geinitzianus  ss. 

Spinograptus  cf.  spinosus  (Wood) 
no  figure. 

1901-1918  Retiolites  (Gothograptus)  spinosus  (Wood).  Elies  and  Wood,  Mon.  Brit. 
Grapt.,  p.  345,  text  figs.  226a-d,  pi.  xxxxiv,  figs.  I6a-e. 

1952  Spinograptus  spinosus  (Wood).  Munch,  Die  Grapt.  a.d.  anstehenden 

Gotlandium  Deutschlands  und  der  Tschechoslowakei,  p.  82,  taf.  16b, 
figs.  2a,  b. 

Hypotype.  JE-l-66,  320-380t/3. 

Horizon .  Zone  of  M.  testis. 

Discussion.  A  single  group  of  poorly  preserved  specimens  of  this  species  was  found 
in  a  talus  sample  assigned  to  the  M.  testis  Zone.  The  specimens  show  a 
loose  open  reticulate  structure  and  fragments  of  an  obscure  clathria,  and 
the  characteristic  long,  tenuous  spines  extend  from  either  margin.  The 
largest  fragment  is  2  cm.  long  and  nearly  2  mm.  wide  (excl.  spines). 

The  associated  faunas  in  this  talus  sample  include  C.  lundgreni, 
Gothograptus  sp. ,  M.  aff.  dubius,  M.  cf.  flemingii,  M.  cf.  nilssoni, 

M.  testis,  and  M.  vomerinus. 

Stomatograptus  grandis  Suess 
Plate  XV,  figs.  10-16. 

1952  Stomatograptus  grandis  grandis  Suess.  Munch,  Die  Grapt.,  a.d.  anstehenden 
Gotlandium  Deutschlands  und  der  Tschechoslowakei,  p.  81,  taf.  15, 
fig.  9,  taf.  16a,  figs.  3a-d. 

Hypotype.  JE-l-66,  290/50. 

Horizon .  Zone  of  M.  spiralis  (Subzone  of  Stom.  grandis). 
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Discussion.  This  is  a  common  species  in  the  uppermost  Llandoverian  beds  in  the 
Clearwater  Creek  section. 

As  discussed  previously,  this  form  is  confused  with  R^_  geinitzianus 
even  in  good  preservations.  Most  North  American  workers  have  used  the 
presence  of  well  developed  medial  pores  as  the  prime  criterion.  However, 
according  to  Dr.  B.  Boucek  (pers.  comm.,  1967),  European  workers  give 
equal  weight  to  the  second  criterion;  solid  thecal  extremities.  This  is 
the  premise  adopted  by  the  author  and  influences  decisions  on  some  of 
the  poorly  preserved  specimens  in  this  section. 

Plate  IV,  fig.  12  shows  an  excellently  preserved  example  of  Stom . 
grandis  major  collected  from  the  Delorme  Range  section  (in  Etherington, 
1966).  This  figure  shows  clearly  the  medial  row  of  pores  and  solid 
interthecal  areas. 

Plate  XV,  fig  16  illustrates  Stom .  grandis  (ma jor ?)  taken  from  the 
Whittaker  Formations  type  section  (by  Etherington,  1966).  This  may  be  the 
largest  Stomatograptus  yet  recorded  from  North  America  (10.3  cm.  long, 

4.9  mm.  to  7.5  mm.  wide).  Although  the  medial  pores  are  obscure,  the 
interthecal  margins  are  definitely  solid  thus  defining  the  genus. 

Specimens  in  the  thesis  section  are  generally  smaller,  up  to  4.5  cm. 
long,  4.5-5. 0  mm.  wide  and  have  a  thecal  density  of  9.10  th./IO  mm.  The 
apertural  pinching  into  denticles  is  only  apparent  in  one  Stom .  grandis 
(pi.  XV,  fig.  10)  but  is  quite  common  in  R.  geinitzianus  (as  in  pi.  XV, 
fig.  9.). 

The  subspecies  Stom.  grandis  major  is  not  present  in  the  Clearwater 
Creek  section.  It  designates  wider  forms  (6-8.5  mm.)  with  greater  thecal 
density  (12-13  th./IO  mm.). 
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The  associated  fauna  is  extensive  and  variable,  it  includes  all  the 
Late  Llandoverian  forms  listed  in  Appendix  A  from  270  to  300  feet. 

The  author  advises  future  workers  to  closely  examine  supposed 
R.  geinitzianus  forms  and  re-examine  previously  listed  R.  geinitzianus 
in  order  to  distinguish  them  from  the  more  diagnostic  Stom .  grandis. 
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TEXT  FIG.  I 


a.  Climacograptus  scalaris  Lapworth;  ( JE— 1—66,  125/1),  hypotype, 

X7  ,  zone-unit  of  Cl.  aff.  trifilis  and  D.  modestus  n.  subsp.  X. 

b.  Cyrtograptus  canadensis  sp.  nov.;  (HE-l-66,  290/8),  X7,  showing 
mode  of  ramification,  Zone  of  M.  spiralis,  Subzone  of  Stom.  grandis. 

c.  Cyrtograptus  hamatus  (Baily);  (JE-l-66,  350/22),  hypotype,  X7, 
zone-unit  of  TT.  cF!  hamatus  and  C.  mancki. 


d,e.  Cyrtograptus  lundgreni  Tullberg;  d,  (JE-l-66,  320-380/8),  hypotype, 
X/,  e,  (JE-l-66,  320-380/1),  X7,  showing  cladial  thecae;  Zone  of 
M.  testis. 


f.  Cyrtograptus  cf.  mancki  Boucek;  (JE-l-66,  335/42),  X6.5,  showing 

several  superimposed  fragments,  zone-units  of  M.  cf.  latus  and  C.  (?) 
cf .  gracilis. 
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TEXT  FIG.  2 


a.  Cvrtograptus  rigidus?  Tullberg;  (JE-l-66,  310/8),  hypotype,  X7,  Zone 
of  M.  r iccartonensis. 

b, c.  Cyrtogmptus  sp.  D;  b,  ( JE— 1—66,  280/11),  hypotype,  X7;  c,  (JE-l-66, 

280/11),  X7,  showing  cladial  thecae;  Zone  of  M.  spiralis.  Subzone  of 
Stom .  grandis. 

d,e,  Diplograptus  modestus  Lapworth  n.  subsp.  X;  d,  (JE-l-66,  110/2),  X7, 

f.  shows  distal  thecae;  e,  (JE-l-66,  110/2),  X7,  distal  end  with  extended 
virgula;  f,  (JE-l-66,  110/6),  X7,  proximal  end  with  sicula  and  virgella; 
zone-unit  of  CL  aff.  trifilis  and  D.  modestus  n.  subsp.  X. 

g, h,  ?Diversograptus  (?)  pergracilis  Boucek;  g,  (JE-l-66,  270-300/17), 

i.  hypotype,  X7;  h,  (JE-l-66,  300/30),  X7,  shows  proximal  (?)  portion; 
i,  (JE-l-66,  270-300/3),  X7;  Zone  of  M.  spiralis  and  zone-unit  of 

C .  canadensis  and  C .  lapworthi . 

j.  Diversograptus  cf.  ramosus  Manck;  (JE-l-66,  215/17),  hypotype,  XI0, 
Zone  of  M.  turriculatus. 

k. l.  ?  Diversograptus  ramosus  Manck;  (JE-l-66,  215/57),  XV,  shows  typical 

thecae.  Zone  of  M.  turriculatus. 
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TEXT  FIG.  3 


a.  Gothograptus  aff.  nassa  (Holm);  (JE-l-66,  350-353/5),  hypotype, 
XT,  Zone  of  M.  testis. 


b,c.  Monograptus  capi I laceous  Tullberg;  b,  (JE-l-66,  315/3),  hypotype, 
X7;  c,  (JE-l-60,  315/5),  X7,  proximal  portion;  Zone  of  M. 
riccartonensis. 


d.  Monograptus  chimaera  (Barrande);  (JE-l-66,  440-445/1 1 1  J),  hypotype, 

X7,  Zone  of  M.  nilssoni.  Subzone  of  M.  bohemicus. 

e.  Monograptus  clingani  (Carruthers);  (JE-l-66,  215/44),  X7,  shows 
distal  thecae.  Zone  of  M.  turriculatus. 

f.  Monograptus  cf.  concinnus  Lapworth;  (JEl-l-66,  220/10),  hypotype, 

X77Z  one  of  M.  turriculatus. 

g.  Monograptus  cf.  crenu laris  Lapworth;  (JE-l-66,  250/6),  hypotype, 

X7,  Zone  of  M.  spiralis. 

h. i.  Monograptus  dextrorsus  Linnarsson;  h,  (JE-l-66,  270/28),  hypotype, 

X7  ;  1,  (JE-l-66,  270/31),  X7,  shows  distal  thecae;  Zone  of  M_.  spiralis. 
Subzone  of  Stom.  grandis. 


|,k,  Monograptus  aff.  dubius  (Suess);  j,  (JE-l-66,  320-380/11),  X7,  shows 

l,m.  distal  thecae;  k,  (JE-l-66,  320-380/13),  X7,  proximal  portion;  I, 

(JE-l-66,  320-380/13),  distal  portion;  m,  (JE-l-66,  329-380/9), 
hypotype,  X7;  Zone  of  M.  testis. 
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TEXT  FIG.  4 


a.  Monograptus  fimbriatus  (Nicholson);  (JE-l-66,  207—2 15  t) ,  hypotype, 

X8,  Zones  of  M.  gregarius  to  M.  sedgwicki. 

b.  Monograptus  galaensis  Lapworth;  (JE-l-66,  250/3),  hypotype,  X6.5, 

Zone  of  M.  spira  I  Is . 

c. d.  Monograptus  griestoniensis  Nicol;  c,  (JE-l-66,  255-275/5),  hypotype, 

X6.5;  d,.  (JE-l-66,  270-300/25),  X6.5,  shows  a  different  thecal 
preservation;  Zone  of  M.  spiralis. 

e,f.  Monograptus  intermedius  (Carruthers);  e,  (JE-l-66,  207-215/3),  hypotype, 
X6.5;  f,  (JE-l-66,  207-215/3),  shows  proximal  portion,  Zones  of  M. 
gregarius  to  M.  sedgwicki . 

g.  Monograptus  cf.  jaculum  Lapworth;  (JE-l-66,  207-2 10/A),  hypotype, 
X5.3',"  Zoh  es  of  M.  gregarius  to  M.  sedgwicki . 

h.  Monograptus  cf.  jaekel i  Perner;  (JE-l-66,  330/11),  hypotype,  X6.5, 
zone-unit  of  M.  cf.  jaekel i. 

i.  Monograptus  nodifer  Tornquist;  (JE-l-66,  220/10),  hypotype,  XI3, 

Zone  of  M.  turriculatus. 

j.  Monograptus  pandus  Lapworth;  (JE-l-66,  250/49),  hypotype,  X6.5, 

Zone  of  M.  spiralis. 
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TEXT  FIG.  5 


a.  Monograptus  priodon  (Bronn);  (WH-C-I,  26-2988),  X7.5,  specimen 
from  Whittaker  Range  in  partial  relief,  Zone  of  C.  cf.  murchisoni 
(sensu  Jackson  and  Lenz,  1962). 

b, c.  Monograptus  riccartonensis  Lapworth;  b,  (JE— 1—66,  310/20),  hypotype, 

X7;  c,  (JE-l-66,  3'I0),X7,  shows  distal  twist  in  proximal  region;  Zone 
of  M.  riccartonensis. 

d,e.  Monograptus  aff.  scanicus  Tullberg;  d,  (JE-l-66,  330/21),  X6.5  proximal 
portion;  e,  (JE-l-66,  330/12),  X6.5  shows  distal  thecae;  zone-unit  of 
M.  cf.  jaekel i. 

f,g.  Monograptus  spinulosus  Tullberg;  f,  (JE-l-66,  290/25),  hypotype,  X6.5; 
g^  (JE-l-66,  255-270/T),  X6.5,  shows  proximal  portion;  Zone  of  M. 
spiralis.  Subzone  of  Stom.  grandis. 

h.  Monograptus  aff.  variabilis  (Perner);  (JE-l-66,  270/32),  hypotype,  X6.5, 
Zone  of  M.  spiralis,  Subzone  of  Stom.  grandis. 


i.  Monograptus  varians  Wood;  (JE-l-66,  475/1  IF),  hypotype,  X6.5,  Zone 
of  M.  nilssoni.  Subzone  of  M.  bohemicus. 
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TEXT  FIG.  6 


a.  Monograptus  vomerinus  basilicus  Lapworth;  ( JE— 1—66,  290/34),  hypotype, 
xor  Zone  of  M.  spiralis.  Subzone  of  Stom.  grandis. 

b, c.  Monograptus  vomerinus  gracilis  Elies  and  Wood;  b,  (JE-l-66,  335/27), 

hypotype,  X6.5;  c,  [3 £-1-66,  335/27/  shows  twist  of  proximal  portion, 
zone-unit  of  AA.  cf.  latus  and  C.  (?)  cf.  latus. 

d,e.  Monograptus  sp.  H;  d,  (JE-l-66,  420/22),  X6.5;  e,  (JE-l-66,  420/3), 

X6.5  proximal  portion  ?;  Zone  of  M.  nilssoni,  Subzone  of  M.  bohemicus. 

f.  Monograptus  sp.  K;  (JE-l-66,  420/3),  X6. 5, shows  thecal  spines.  Zone 
of  M.  nilssoni.  Subzone  of  M.  bohemicus. 

g, h,  Monograptus  n.  sp.  M;  h,  (JE-l-66,  207-2l5t/A),  hypotype,  XI3;  g, 

i.  (JE-l-66,  207-210/12),  XI3,  proximal  portion;  i,  (JE-l-66,  207-210/12), 
X6.5,  distal  portion;  Zones  of  M.  gregarius  to  M.  sedgwicki . 

j.  Orthograptus  ex  gr.  truncatus  Lapworth;  (JE-2-66,  33-73/9),  hypotype, 

XI3,  Zone-unit  of  Cl.  aff.  trifilis  and  D.  modestus  n.  subsp.  X. 

k.  cf.  Petalograptus  elongatus  linearis  Boucek  and  Pribyl;  (JE-l-66,  145/4), 
hypotype,  XI 4,  zone-unit  of  Cl.~~aff.  trifilis  and  D.  modestus  n.  subsp.  X. 

l.  Rastrites  cf.  hybridus  (Lapworth);  (JE-l-66,  207/2 10/A),  hypotype,  X6.5, 
Zones  of  M.  gregarius  to  M.  sedgwicki . 

m.  Rastrites  cf.  peregrinus  Barrande;  (JE-l-66,  207/2 10/A),  hypotype,  X6.5, 
Zones  of  M.  gregarius  to  M.  sedgwicki . 

n.  Rastrites  maximus  ?  Carruthers;  (JE-l-66,  207-210/14),  hypotype,  X6.5, 
typical  large  thecae,  Zones  of  M_.  gregarius  to  jM.  sedgwicki. 


o. 


Rastrites  longispinus  ?  (Perner);  (JE-l-66,  215/32),  hypotype,  X6.5, 
Zones  of  M.  gregarius  to  M.  sedgwicki. 
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PLATE  II 


Figures: 


I.  Talus  slab  from  (JE-l-66,  245/250t)  Clearwater  Creek  section,  Zone 
of  spiralis.  Associated  with  M.  spiralis  are  long  rhabdosomes  of 
M.  vomerinus,  X  1/4. 


2.  Arrow  shows  location  of  holotype  of  Cyrtograptus  canadensis  n.  sp. 
of  290  feet  in  the  Clearwater  Creek  section. 


3.  The  fault  slice  at  355  feet  is  outlined.  M.  testis  is  found  above 
and  below  this  interval  which  contains  abundant  M.  aff.  deubeli 
without  associated  fauna. 
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PLATE  III 


Figures: 


Climacograptus  innotatus  Nicholson;  ( JE— 1—66,  50/4),  hypotype,  X3; 
zone-unit  of  Cl.  aff.  trifil  is  and  D.  modestus  n.  subsp.  X. 


2.  Climacograptus  rectangu laris  (McCoy);  (JE-l-66,  105/3),  hypotype, 
X37  zone-unit  of  Cl.  aff.  trifilis  and  D.  modestus  n.  subsp.  X. 

3.  Climacograptus  sea  laris  (Hisinger)  ( JE— 1—66,  135/6),  hypotype,  X3, 
zone-unit  of  Cl.  aff.  trifils  and  D.  modestus  n.  subsp.  X. 

4-6.  Climacograptus  aff.  trifilis  Manck;  4,  ( JE— 1—66,  125/4),  hypotype, 
X3;  5,  ( JE— 1—66,  110/3),  X3;  6,  ( JE— 1—66,  120/2),  X3;  zone-unit 
of  Cl.  aff.  trifilis  and  D.  modestus  n.  subsp.  X. 

7.  Climacograptus  cf.  tornquisti  Elies  and  Wood;  ( JE— 12—66,  33-38/A), 
hypotype,  a3;  zone-unit  of  Cl.  aff.  trifilis  and  D.  modestus  n. 
subsp.  X. 

8-11.  Cyrtograptus  canadensis  sp.  nov.;  8,  ( JE—  I  —66,  255-275/D),  X3;  9, 
UE^-66779cr/8^rX’3;-'  II.  (JE-l-66,  290/83),  X3;  12,  (JE-l-66, 
275/12),  X3;  13,  (JE-l-66,  290/A),  paratype,  X5.5,  showing  mode 
of  ramification;  Zone  of  M.  spiralis,  Subzone  of  Stom.  grandis. 
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PLATE  IV 

Figures: 

1-3.  Cyrtograptus  canadensis  sp.  nov.;  (JE-l-66,  290/4),  holotype,  XI; 
2,  (JE-l-66,  2%/S),  para  type,  XI;  3,  (JE-l-66,  290/8),  paratype, 
XI;  Zone  of  M.  spiralis,  Suozone  of  Stom.  grandis. 
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PLATE  V 


Figures: 


Cyrtograptus  (?)  cf.  gracilis  (Boucek);  ( JE— 1—66,  350-353/6),  hypotype, 
X3;  also  shows  Gothograptus  nassa  ?  (Holm);  Zone  of  M.  testis. 


2,3.  ?  Cyrtograptus  hamatus  (Baily);  2,  ( JE— 1—66,  350/24),  X3;  3,  ( JE— 1—66, 

350/r  7),  X3;  zone-unit  of  C.  cf.  hamatus  and  C.  mancki. 


4,5.  ?  Cyrtograptus  lapworthi  Tu  1 1  berg;  4,  ( JE— 1—66,  300/2),  X3;  5,  ( JE— 1—66, 

300/5),  X3;  zone-unit  of  canadensis  and  C .  lapworthi . 

6,7.  Cyrtograptus  lapworthi  Tullberg;  6,  ( JE—  I  —66,  295/29),  X3;  7,  ( JE— 1—66, 

2 90/ A) ,  hypotype ,  X2 .5;  Zone  of  M.  spiralis.  Subzone  of  Stom.  grandis. 

8-10.  Cyrtograptus  cf.  lapworthi  Tullberg;  8,  ( JE— 1—66,  270-300/4A),  X2.5, 

9,  (JE- 1-66,  295/D"),  X2 .5;  10,  (JE-l-66,  295/D),  X2.5;  Zone  of  M. 
spiralis.  Subzone  of  Stom.  grandis. 

11,13.  ?  Cyrtograptus  lundgreni  Tullberg;  II,  (JE-l-66,  360/7),  X3;  13,  (JE-l-66, 

360),  X3;  Zone  of  M.  testis. 

12.  Cyrtograptus  lundgreni  Tullberg;  (JE-l-66,  320-380t/B),  X2.5,  Zone  of  M. 
testis. 


14. 


Cyrtograptus  lapworthi ?  Tullberg;  (JE-l-66,  275/D),  X3,  Zone  of  _M.  spiralis. 
Subzone  of  Stom.  grandis. 
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Figures: 


PLATE  VI 


1,2.  ?  Cyrtograptus  lundgreni  Tullberg;  I,  (WH-C-I,  27-3470),  X3.5,  typical 

proximal  fragm en ts  from  Whittaker  Range;  2,  ( JE— 1—66,  355/A),  X3, 
shows  association  wi  th  _M.  testis  and  M.  vomerinus;  Zone  of  M.  testis. 

3.  Cyrtograptus  manck?  Boucek;  (JE—  I— 66,  350/31),  hypotype  ,  X3.5,  zone- 
unit  of  t.  cf.  hamatus  and  C.  mancki. 


4.  Cyrtograptus  sp.  D.  (JE— 1—66,  285/B),  X2,  shows  extensive  cladial 
development,  Zone  of  M.  spiralis.  Subzone  of  Stom.  grandis. 

5.  Cyrtograptus  sp.  I,  (JE-l-66,  305/A),  hypotype,  X2.5,  long  attenuating 
proximal  portion  is  diagnostic,  zone-unit  of  C.  canadensis  and  C.  lapworthi. 

6.  ?  Cyrtograptus  sp.,  (JE-l-66,  305/B),  X2.5,  unattached  cladium  probably 

of  C-.  canadensis  associated  with  that  species,  zone-unit  of  C.  canadensis 
and~~C.  lapworthT.  ~ 

7.  Cyrtograptus  sp. ,  (JE-l-66,  305/D),  X2.5,  probably  C_.  canadensis,  zone- 
unit  of  C.  canadensis  of  C^_  lapworthi . 

8.  ?  Cyrtograptus  sp.,  (JE-l-66,  305/C),  X2.5,  C^  canadensis  ?, 

?  C.  canadensis,  ?  C_.  lapworthi,  and  ?  Cyrtograptus  sp.  T  intimately 
associated,  zone-unit  of  C.  canadensis  and  C.  lapworthi. 
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PLATE  VII 


Figures: 


1-6.  Diplograptus  modestus  Lapworth  n.  subsp.  X; 

1.  ( JE— 1—66,  110/6),  hypotype,  X3; 

2.  ( JE— 1—66,  130/1),  X3; 

3.  ( JE— 1—66,  110/2),  X3; 

4.  ( JE— 1—66,  110/2),  X3,  associated  with  Cl.  scalaris; 

5.  ( JE— 1—66,  105/16),  X3.3,  shows  thecal  spines ?; 

6.  ( JE— 1—66,  140/7),  X3.3,  interthecal  septa  not  obvious; 

zone-unit  of  Cl.  aff.  trifilis  and  D.  modestus  n.  subsp.  X. 


7.  Diversograptus  cf.  ramosus  Manck;  ( JE— 1—66,  215/17),  hypotype, 

X3.3,  shows  typical  branching  and  thecae.  Zone  of  M.  turriculatus. 

8,9.  Glyptograptus  incertus  Elies  and  Wood;  8,  (JE-2-66,  33-38/A), 
hypotype,  X2. 5;  9,  [JE-2-66,  33-73/A),  X2.5;  zone-unit  of  Cl . 
aff.  trifilis  and  D.  modestus  n.  subsp.  X. 


Glyptograptus  tamariscus  Nicholson;  ( JE— 1—66,  105/21),  hypotype, 
X3.o,  zone-unit  of  Cl.  aff.  trifilis  and  D.  modestus  n.  subsp.  X. 


10. 
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PLATE  VIII 


Figures: 

l-3o  Monograptus  acus  Lapworth;  I,  (JE-l-66,  250-2651/3),  hypotype, 

X’3';~  2 ,  (JE-1^557  270/A),  X3.3;  3,  (JE-l-66,  270/29),  X3,  sharply 
recurved  proximal  portion;  Zone  of  M.  spiralis.  Subzone  of  Stom. 
grandis. 

4.  Monograptus  chimaera  (Barrande);  (JE-l-66,  465/5),  hypotype,  X3, 

Zone  of  M.  nilssoni.  Subzone  of  M.  bohemicus. 

5,6.  Monograptus  clingani  (Carruthers);  5,  (JE-l-66,  215/4),  hypotype, 

X3.5;  6,  (IE-1-66,  207-210/11),  X3  shows  distal  thecae;  Zones  of 
M.  gregarius  to  M.  turriculatus. 

7.  Monograptus  communis?  (Lapworth);  (JE-l-66,  255/9),  hypotype, 

X3,  Zone  of  M.  spiralis. 

8,9.  Monograptus  bohemicus  (Barrande);  8,  (JE-l-66,  430-440/B),  hypotype, 
X3;  9,  (JE-l-66,  440-445/1 II),  X2.5,  (see  plate  IX  for  further 
illustrations);  Zone  of  M.  nilssoni.  Subzone  of  M.  bohemicus. 

10.  Monograptus  colonus  (Barrande);  (JE-l-66,  385/13),  hypotype,  X3.5, 
with  associated  fragments.  Zone  of  M.  nilssoni,  Subzone  of  M. 
bohemicus. 

11.  Monograptus  cf.  concinnus  Lapworth;  (JE-l-66,  220/16),  hypotype, 

X3.3,  Zone  of  M.  turriculatus. 

12,13.  Monograptus  cf .  crenu laris  Lapworth;  12,  (JE-l-66,  250/6),  hypotype, 
X3.3;  13,  (JE-l-66,  250/6),  X3.3,  note  distal  curvature  of  proximal 
portiorji;  Zone  of  _M.  spiralis. 

14.  Monograptus  cf.  decipiens  Tornquist;  (JE-l-66,  207/210/22),  hypotype, 

X3.5,  Zones  of  M.  greg~arius  to  M_.  sedgwicki . 

15,16.  Monograptus  crinitus  Wood;  15,  (JE-l-66,  415/14)  ,  hypotype,  X3.3;'" 

(JE-l-66,  415/14),  X3.3;  Zone  of  M,  nilssoni.  Subzone  of  M. 
bohemicus. 

17.  Monograptus  aff.  deubel?  Jaeger;  (JE-l-66,  355*),  X3.3,  (see  hypotype, 

plate  IX,  fig.  I),  Upper  Wen  lock. 
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PLATE  IX 


Figures: 

1-3.  Monograptus  dubius  (Suess);  I,  (JE-l-66,  270/10),  hypotype,  X3, 

Zone  of  M.  spiralis,  Subzone  of  Sfom.  grandis;  2,  (JE-l-66,  365/2), 

X3;  3,  (JF-l-66,  365/1)  X3,  interregnum  of  M.  dubius. 

4.  Monograptus  aff.  deubel?  Jaeger;  (JE-l-66,  3 55*),  hypotype,  X3.3, 

Zone  of  M.  testis. 

5-7.  Monograptus  cf.  falx  (Suess);  5,  (JE-l-66,  285/3),  hypotype,  X3; 

6,  (JE-l-66,  270745]",  X3.3;  7,  (JE-l-66,  255-270/IF),  X3;  Zone 
of  M.  spiralis.  Subzone  of  Stom.  grandis. 

8,9.  Monograptus  cf.  fimbriatus  (Nicholson);  8,  (JE-l-66,  207-210),  X3.3; 

9^  (JE-l-66,  207-2 l5t/3)  X3.3;  Zones  of  M.  gregarius  to  M.  sedgwicki . 

10.  Monograptus  flemingii  primus  Elies  and  Wood;  (JE-l-66,  335/3), 

hypotype,  X3,  zone-unit  of  M.  cf.  latus  and  C  (?)  cf.  gracilis. 

11,12.  Monograptus  flemingii  (Salter);  II,  (JE-l-66)  Upper  Wenlock;  12, 
(JE-l-66,  270-300/41),  hypotype,  X3,  Zone  of  M_.  spiralis. 

13.  Monograptus  flagel laris  Tornquist;  (JE-l-66,  220/3),  hypotype,  X3.3, 

Zone  of  M.  turriculatus. 

14,15.  Monograptus  bohemicus  (Barrande);  14,  (JE-l-66,  440-445/111  6),  X2.5; 

15,  (JE-l-66,  440-445/111  6),  X2.5,  shows  proximal  portions;  Zone  of 
M.  nilssoni.  Subzone  of  M.  bohemicus. 

16.  Monograptus  griestoniensis  Nicol;  (JE-l-66,  255-270/5),  hypotype,  X3, 
Zone  of  M.  spiralis. 

17.  Monograptus  cf.  ha  1 1  i  (Barrande);  (JE-l-66,  215/1),  hypotype,  X3, 

Zone  of  M.  turriculatus. 

18.  Monograptus  galaensis  Lapworth;  (JE-l-66,  250/23),  X3,  Zone  of  M. 
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PLATE  X 


Figures: 

I, 2.  Monograptus  irfonensis  Elies;  I,  (JE-l-66,  360/6),  X3.3;  2,  (JE-l-66, 

360/8),  hypotype,  X3.3,  associated  with  M_.  testis;  Zone  of  M,  testis. 

3.  Monograptus  jaculum  Lapworth;  (JE-l-66,  207-210/A),  hypotype,  X3, 

Zones  of  M.  gregarius  to  M.  sedgwicki. 

4,5.  Monograptus  jaekeli  ?  Perner;  4,  (JE-l-66,  350-353/5),  X3.5;  5, 
(JE-l-66,  330-353/5),  X3.5;  Zone  of  M.  testis. 

6,7.  Monograptus  marri  Perner;  6,  (JE-l-66,  245-250/43),  X3;  7,  (JE-2*66, 
250/58),  hypotype,  X3;  associated  with  M^  nudus,  Zone  of  M.  spiralis. 

8.  Monograptus  cf.  latus  McCoy;  (JE-l-66,  335/33),  hypotype,  X3,  zone- 
unit  of  M.  cf.  latus  and  C.  (?)  cf.  gracilis. 

9.  Monograptus  leptotheca  Lapworth;  (JE-l-66,  207-210/A),  hypotype, 
x3,  z  ones  of  M.  gregarius  to  M.  sedgwicki . 

10, 15-17.  Monograptus  nudus  (Lapworth);  10,  (JE-l-66,  275/ F),  hypotype,  X3; 

15, '  (JE-l-66, "255-275/E),  X3;  16,  (JE-l-66,  265/11),  X3.3,  proximal 
portion;  17,  (JE-l-66,  207-210/15),  X3.3;  Zones  of  M.  gregarius  to 
Subzone  of  Stom .  grandis. 

II, 12.  Monograptus  linnarssoni  (Tullberg);  II,  12,  (JE-l-66,  255-270/lQ), 

X3,  Zone  of  M.  spiralis. 

13.  Monograptus  nodifer  Tornquist;  (JE-l-66,  220/A),  X3,  Zone  of  M. 

turriculatus. 

14,19.  Monograptus  nilsson?  (Barrande);  14,  (JE-l-66,  380/A),  X2.5;  19, 
(JE-l-66,  390/A),  hypotype,  X2.5;  Zone  of  M.  nilssoni. 

18.  Monograptus  millepeda  (McCoy);  (JE-l-66,  207-2l5t/5),  hypotype, 

X3.3,  associated  with  M.  clingani  ?  and  M.  nudus;  Zones  of  M. 
gregarius  to  M.  sedgwfcki. 


' 
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PLATE  XI 


Figures: 

1.  Monograptus  pandus  Lapworth;  (JE-1-66,  250/49),  hypotype,  X3, 

Zone  of  M.  spiralis. 

2.  Monograptus  roemeri  (Barrande);  (JE-l-66,  4  1/2  5/26),  hypotype, 
X3737  associated  with  M.  crinitus  ?  M.  scanicus,  and  M.  varians; 

Zone  of  M.  nilssoni,  SuEzone  of  M.  "Eohemicus. 

3,6.  Monograptus  runcinatus  Lapworth;  3,  (JE-l-66,  207-210  (8),  hypotype, 
X3.3,  associated  with  M.  jaculum  ?  and  Petalogr.  palmeus;  6, 
(JE-l-66,  215/4),  X3. 37~ associated  with  M.  turriculatus;  Zones  of 
M.  gregarius  to  M.  turriculatus. 

4,5,12,  Monograptus  priodon  (Bronn);  4,  (JE-l-66,  270-300/36),  X3;  5, 

14,15.  (WH-C-I,  26-2988/1),  X2.5,  preservation  in  partial  relief;  12, 

(JE-l-66,  275/E),  X3;  14,  (JE-l-66,  255-270/5),  hypotype,  X3; 

15,  (JE-l-66,  275/G),  X3;  Zone  of  M.  spiralis. 

7,10.  Monograptus  sartorius  Tornquist;  7,  (JE-l-66,  255-275/G),  hypotype, 
X2.5;  10,  (DE-l-66,  265/2),  X2.5,  associated  with  M.  spiralis  and 
M.  nudus;  Zone  of  M.  spiralis. 

8,9.  Monograptus  aff.  runcinatus  Lapworth;  8,  (JE-l-66,  270/9),  X3, 

associated  with  M.  dubius;  9,  (JE-l-66,  270/10),  X3;  Zone  of 
M.  spiralis.  Subzone  of  Stom.  grandis. 

11,13.  Monograptus  scanicus  Tullberg;  II,  (JE-l-66  ,  440-445/111  A),  X3; 

73^  JE-l-66  ,  440-445/111  F),  X3;  (see  plate  XIV,  fig.  7  for  hypotype); 
Zone  of  M.  nilssoni.  Subzone  of  M.  bohemicus. 

16,17.  Monograptus  aff.  scanicus  Tullberg;  16,  JE-l-66,  270-300/18),  X3.3; 

TTr  (JE-l-66,  280/M),  X3.3;  Zone  of  M_.  spiralis.  Subzone  of  Stom. 
grandis. 

18-21.  Monograptus  sedgwicki  (Portlock);  18,  (JE-l-66,  207-2I0/2A),  hypotype, 
X3.3;  19,  (JE-l-66,  215/41),  X3.3;  20,  (JE-l-66,  215/67),  X3;  21, 
(JE-l-66,  207-210/21),  X3.3;  Zones  of  M.  gregarius  to  M.  turriculatus. 
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PLATE  XII 


Figures: 

1-9.  Monograptus  spiralis  (Geinitz);  I,  (JE-l-66,  255-270/ID),  hypotype, 

X2.5;  2,  (JE-l-66,  250/17),  X3;  3,  (JE-l-66,  245-250t/l),  X2.5; 
4,  (JE-l-66,  270-300t/48),  X3;  5,  (JE-l-66,  250-265t/A),  X2.5; 

6,  (JE-l-66,  280/2),  X3;  7,  (JE-l-66,  260/V,  X2.5;  8,  (JE-l-66, 
250-2 65t/l),  X3.3;  9,  (JE-l-66,  270/1),  Zone  of  M_.  spiralis  and 
Subzone  of  Stom.  grandis. 


10-13.  Monograptus  spiralis  ?  (Geinitz);  10,  (JE-l-66,  255-270t/ll),  X3.3; 

II,  (JE-l-66,  255-2 75t/5),  X3.3;  12,  (JE-l-66,  255-270t/N),  X3; 
13,  (JE-l-66,  285/A),  X2.5;  Zone  of  M.  spiralis  and  Subzone  of 
Stom.  grandis. 
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PLATE  XIII 


Figures: 

1-4.  Monograptus  testis  Barrande;  I,  (JE-l-66,  355/C),  hypotype,  X3;  2, 
(JE-l-66,  3557CT7  X3;  3,  (JE-l-66,  355/A),  X3,  associated  with 
?  C.  lundgreni;  4,  (JE-l-66,  355/A),  X3,  shows  unusual  preservation; 
Zone  of  M.  testis. 


PLATE  XIII 


PLATE  XIV 


Figures: 

I.  Monograptus  tortilis  ?  Linnarsson;  (JE-l-66,  207-210/8),  X3.3,  Zones 

of  M.  gregarius  to  A4.  sedgwicki. 

2,3.  Monograptus  cf.  triangulatus  (Harkness);  2,  (JE-l-66,  207-210/20), 
hypotype,  X3.3;  17  Ul-l-66,  207-210/11),  X3.3;  Zones  of  M. 
gregarius  to  jM.  sedgwicki. 

4-6.  Monograptus  turriculatus  minor  Boucek;  4,  (JE-l-66,  215/5),  hypotype, 
X3.5;  5,  (JErF6"6,_2l5/l0),  X3.3;  6,  (JE-l-66,  215/9),  X3.3,  Zone 
of  M_.  turriculatus. 

7,8.  Monograptus  uncinatus  Tullberg;  7,  (JE-l-66  ,  440-445/1),  hypotype, 

X3 . 3 /  8,  (UE-l-66,  440-445/1 1 G),  X2.5,  associated  with  M.  bohemicus, 
M.  nilssoni  ?,  and  M.  scanicus;  Zone  of  M.  nilssoni,  SuEzone  of  M. 
Bohemicus.  "  ~ 

9,10.  Monograptus  cf.  undulatus  Elies  and  Wood;  9,  (JE-l-66,  250/9),  X3; 

TCB  (J£-!-66,  260/F),  hypotype,  X3;  Zone  of  M.  spiralis. 

11-14.  Monograptus  varians  Wood;  II,  (JE-l-66,  475/Z);  X3.3;  12,  (JE-l-66, 

4757ITF),'  hypotype;  X3.3;  13,  (JE-l-66,  390/C),  X3.3;  14  (JE-l-66, 
475/5),  X3.3;  Zone  of  M_.  nilssoni.  Subzone  of  M_.  bohemicus. 

15,16.  Monograptus  vomerinus  (Nicholson);  15,  (JE-l-66,  290/87),  X3.3,  16, 

(JE-l-66  ,  265/1 K),  hypotype,  X2.5;  Zone  of  M.  spiralis  and  Subzone 
of  Stom.  grandis. 

17.  Monograptus  vomerinus  basi Ileus  Lapworth;  (JE-l-66,  270-300t/l5), 

X3.3,  Zone  of  M.  spiralis. 

18-20.  Monograptus  vomerinus  crenulatus  (Tornquist);  18,  (JE-l-66,  255/12), 

X3 . 3;  19,  ( Jf-l-567"255-270't/F),  X2.5;  20  (JE-l-66,  250/2),  X3.3; 
Zone  of  M_.  spiralis. 

21..  Monograptus  cf.  vulgaris  Wood;  (  JE-l-66,  415/19),  hypotype,  X3, 

Zone  of  M.  nilssoni.  Subzone  of  M.  bohemicus. 

22.  Monograptus  sp.  H;  (JE-l-66  ,  420/3),  X3,  shows  proximal  portion. 

Zone  of  M.  nilssoni.  Subzone  of  M.  bohemicus. 

Monograptus  sp.  K;  (JE-l-66,  420/3),  X3;  24,  (JE-l-66,  420/3), 

X3;  Zone  of  M.  nilssoni.  Subzone  of  M_.  bohemicus  (see  plate 
XIV,  fig.  I,  for  hypotype). 


23,24. 


•  '  c. 

■ 
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PLATE  XV 

Figures: 

1.  Monograptus  sp.  K;  (JE-l-66,  420/3),  hypotype,  X3,  Zone  of 
M.  nilssoni,  Subzone  of  M.  bohemicus. 

2.  Monograptus  n.  sp.  M;  (JE-l-66,  207-2l5t/A),  hypotype,  X3.3, 
associated  with  M.  cf.  decipiens  and  M.  clingani;  Zones  of 

M.  gregarius  to  M.  sedgwicki. 

3.  Orthograptus  cf.  vesiculosus  penna  Hopkinson;  (JE-l-66,  70/10), 

hypotype,  X3.3,  zone-unit  of  Cl.  aff.  trifilis  and  D.  modestus 
n.  subsp.  X.  ~~ 

4,5.  Retiolites  geinitzianus  angustidens  Elies  and  Wood;  4,  (JE-l-66, 

275/A),  X3;  5,  (JE-l-66,  270/36),  hypotype,  X3.3,  Zone  of 
M.  spiralis.  Subzone  of  Storm .  grandis. 

6.  Petalograptus  palmeus  (Barrande);  (JE-l-66,  207-210/8),  hypotype, 
X8,  zone-unit  of  CL  aff.  trifilis  and  D.  modestus  n .  subsp.  X. 

7.  Orthograptus  cf.  vesiculosus  Nicholson;  (JE-l-66,  65/5),  hypotype, 
X3,  zone-unit  of  Cl .  aff.  trifilis  and  D.  modestus  n.  subsp.  X. 

8.  cf.  Petalograptus  elongatus  linearis  Boucek  and  Pribyl;  (JE-l-66, 
\45/4f~,  hypotype,  X3.3,  zone-unit  of  Cl.  aff.  trifilis  and 

D.  modestus  n.  subsp.  X. 

9.  Retiolites  geinitzianus  Barrande;  (JE-l-66,  290/60),  hypotype,  X3, 
Zone  of  M.  spiralis.  Subzone  of  Stom .  grandis. 

11.  Stomatograptus  sp.,  (JE-l-66,  270/D),  X3,  Zone  of  M_.  spiralis. 
Subzone  of  Stom.  grandis. 

12.  Stomatograptus  grandis  rriajor  Boucek;  (DR-C-I,  17-3070/10),  X2.9, 
clearly  shows  the  medial  pores.  Zone  of  Stom .  grandis  in  the 
Delorme  Range  section. 

13-17.  Stomatograptus  grandis  (Suess);  13,  (JE-l-66,  290/1),  X2.5;  14, 
(JE-l-66,  290/5 )",  fiypo ty pe ,  X3.3;  15,  (JE-l-66,  270/44),  X3; 

16,  (JE-l-66,  290/7),  X2.5;  17,  (WH-C-I,  22-2390/1),  X3;  Zone 
of  M_.  spiralis.  Subzone  of  Stom .  grandis. 
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APPENDIX  B 


FAUNAL  IDENTIFICATIONS  -  showing  number  of  individuals  and  zonal  assignment. 

Clearwater  Creek,  South  Nahanni  River  Region,  Northwest  Territories. 
Latitutde  6I°39'N  Longitude  I25°35'W 


Footage-unit 

(faunas  in  stratigraphical  ly  ascending  order) 


JE-2-66 
33-38 
(equiv.  to 
J  E—  I  —66) 
42-47 


33-73t 
(equiv.  to 
J  E—  I  -66) 
42-82t 


Climacograptus  cf.  scalaris  (I) 

Cl.  cf.  scalaris  normalis  (I) 

Cl.  cf.  tornquisti  (I) 

Climacograptus  sp.  (I) 

Glyptograptus  incertus  (23)  (cf-5)  zone-unit  of 

Glyptograptus  sp.  (21)  Cl.  aff.  trifilis  and 

D.  modestus  n.  subsp.  X. 

Climacograptus  aff.  trifilis  (I) 

Climacograptus  sp. 

Diplograptus  modestus  n.  subsp.  X  (24)  (cf-10)  (?-l) 

Glyptograptus  incertus  (106)  (cf-67)  (?-9) 

Glyptograptus  sp.  (58) 

?  Glyptograptus  sp.  (6) 

Orthograptus  ex  gr.  truncatus  (I) 

Orthograptus  sp.  (I) 


JE-!-66 

45  Climacograptus  cf.  innotatus  (16)  (?-3) 

Cl.  cf.  scalaris  (18)  (?-5) 

Cl.  scalaris  cf.  normalis  (10) 
Climacograptus  sp.  (42) 

?  Climacograptus  sp.  (2) 

Glypograptus  cf.  tamariscus  (3)  (?-4) 
Glypograptus  sp.  (I) 

?  Glyptograptus  sp.  (6) 

?  Orthograptus  sp.  (I) 

50  Climacograptus  innotatus  (2)  (cf.-IO)  (?-l) 

Cl.  rectangularis  ?  (I) 

Cl.  scalaris  ?  (8) 

Cl.  scalaris  normalis  (4)  (cf.-6)  (?-l) 
Climacograptus  sp.  (42) 

?  Climacograptus  sp.  (2) 

Glyptograptus  cf.  tamariscus  (I) 
Glyptograptus  sp.  (2) 

?  Orthograptus  sp.  (5) 

60  Climacograptus  cf.  scalaris  (I) 

Cl.  scalaris  normalis  (I)  (cf.-4) 
Climacograptus  sp.  (3) 

?  Climacograptus  sp.  (5) 


*  '  " 


. 


. 

* 

' 
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Glyptograptus  cf„  incertus  (3) 

Glyptograptus  sp.  (I) 

?  Glyptograptus  sp.  (8) 

?  Orthograptus  sp.  (2) 

Climacograptus  cf.  scalaris  (I) 

Cl.  cf.  scalaris  normalis  (I)  (?-l) 
Climacograptus  sp.  (16) 

?  Climacograptus  sp.  (5) 

Glyptograptus  cf.  incertus  (I) 

Glypotograptus  sp.  (I) 

?  Glyptograptus  sp.  (4) 

Orthograptus  cf.  vesiculosus  (2) 

?  Orthograptus  sp.  (I) 

Climacograptus  cf.  scalaris  (14) 

Cl.  scalaris  normalis  (5)  (cf.-23) 
Climacograptus  sp.  (45) 

Glyptograptus  cf.  incertus  (4) 

CJ.  cf.  tamariscus  (6)  (?-4) 

Glyptograptus  sp.  (38) 

?  Glyptograptus  sp.  (9) 

Orthograptus  cf.  vesiculosus  penna  (2) 
Orthograptus  sp.  (2) 

Climacograptus  cf.  scalaris  (6) 

Cl.  scalaris  normalis  (I) 

Climacograptus  sp.  (6) 

Glyptograptus  incertus  (23)  (cf.-9)  (?-3) 

Gl.  tamariscus  (I)  (cf.-l) 

Glyptograptus  sp.  (8) 

Climacograptus  cf.  scalaris  (2) 

Glyptograptus  sp.  (I) 

Climacograptus  cf.  innotatus  (5)  (?-!) 

Cl.  scalaris  (2)  (cf .  —  II) 

Cl.  scalaris  normalis  (2)  (cf.-4) 

Cl.  aff.  trifilis  (15) 

Climacograptus  sp.  (64) 

?  Climacograptus  sp.  (3) 

Diplograptus  modestus  n.  subsp.  X  (8)  (cf.-28) 
Glyptograptus  serratus  ?  (I) 

Gl.  tamariscus  (2)  (cf.-3)  (?-3) 

Glyptograptus  sp.  (8) 

?  Glyptograptus  sp.  (II) 

Orthograptus  sp.  (I) 

Climacograptus  innotatus  (I)  (?— I) 

Cl.  rectangularis  (I) 

Cl.  scalaris  normalis  (3)  (cf.-2)  (?-2) 

Cl.  aff.  trifilis  (3) 

Climacograptus  sp.  (9) 

?  Climacograptus  sp.  (10) 


. 
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Diplograptus  modestus  n.  subsp.  X  (39)  (?-l) 

Glyptograptus  sp.  (2) 

?  Glyptograptus  sp.  (2) 

Climacograptus  innotatus  (I) 

Cl.  scalaris  (cf.-2) 

Cl.  scalaris  normalis  (4)  (cf.-4) 

Cl.  affv  trifilis  (I) 

Climacograptus  sp.  (2) 

?  Climacograptus  sp.  (2) 

Diplograptus  modestus  n.  subsp.  X  (9l)(cf.-2) 

Glyptograptus  incertus  (2) 

Glyptograptus  sp.  (I) 

?  Glyptograptus  sp.  (I) 

?  Orthograptus  sp.  (I) 

Climacograptus  cf.  scalaris  (I) 

Climacograptus  sp.  (9) 

Diplograptus  modestus  n.  subsp.  X  (12)  (cf.-7)  ( ?—  1 1) 

Glyptograptus  cf.  incertus  (I) 

?  Orthograptus  sp.  (2) 

zone-unit  of 

Climacograptus  cf.  innotatus  (I)  Cl.  aff.  trifilis  and 

Cl.  cf.  scalaris  (I)  D.  modestus  n.  subsp.  X 

Cl.  scalaris  normalis  (2)  (cf.-2) 

Cl.  aff.  trifilis  (I) 

Climacograptus  sp.  (I) 

Diplograptus  modestus  n.  subsp.  X  (14)  (cf.-l)  (?-6) 

Climacograptus  cf.  innotatus  (I)  (?-2) 

Cl.  scalaris  (I) 

Cl.  scalaris  normalis  (5)  (cf .  — 15) 

Cl.  aff.  trifilis  (5)  (?-3) 

Climacograptus  sp.  (30) 

Diplograptus  modestus  n.  subsp.  X  (15)  (cf.-l) 

Glyptograptus  tamariscus  (I)  (cf.-l) 

Glyptograptus  sp.  (12) 

?  Glyptograptus  sp.  (4) 

Climacograptus  scalaris  ?  (II) 

Cl.  scalaris  normalis  (5) 

Cl.  aff.  trifilis  (2) 

Climacograptus  sp.  (8) 

Diplograptus  modestus  n.  subsp.  X  (18)  (cf.-l) 

?  Glyptograptus  sp.  (2) 

Climacograptus  scalaris  (2)  (cf.-8)  (?-4) 

Cl.  cf.  scalaris  normalis  (9) 

Cl.  aff.  trifilis  (2)  (cf.-2) 

Glyptograptus  sp.  (I) 

?  Glyptograptus  sp.  (I) 


. 
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140  Cl imacograptus  cf.  innotatus  (6) 

Cl.  sea  laris  (5)  (cf.-4) 

Cl.  cf.  scalaris  normalis  (3) 

Cl  imacograptus  sp.  (15) 

?  Climacograptus  sp.  (2) 

Diplograptus  modestus  n.  subsp.  X  (15)  (cf .  — 16)  (?-l) 
Glyptograptus  cf.  incertus  (I) 

145  Climacograptus  cf.  medius  (I) 

Cl.  scalaris  (I)  (cf.-3)  (?-5) 

Cl.  scalaris  normalis  ?  (3) 

?  Climacograptus  sp.  (5) 

Diplograptus  modestus  n.  subsp.  X  (2) 

Glyptograptus  sp.  (I) 

?  Glyptograptus  sp.  (I) 

Orthograptus  sp.  (I) 

cf.  Petalograptus  elongatus  linearis  (2) 

150  Climacograptus  cf.  innotatus  (5)  (?-3) 

Cl.  scalaris  (3)  (cf.-4)  (?-8) 

Climacograptus  sp.  (13) 

cf.  Diplograptus  modestus  n.  subsp.  X  (5) 

Glyptograptus  tamariscus  ?  (2) 

Orthograptus  sp.  (2)  < 

155  Climacograptus  cf.  innotatus  (2) 

Cl.  rectangularis  ?  (I) 

Cl.  cf.  scalaris  (2) 

Cl.  cf.  scalaris  normalis  (8) 

Cl.  aff.  trifilis  (9) 

Climacograptus  sp.  (II) 

?  Climacograptus  sp.  (20) 

Glyptograptus  sp.  (I) 

165  Climacograptus  cf.  scalaris  normalis  (I) 

Climacograptus  sp.  (23) 

200  Climacograptus  cf.  scalaris  (5) 

Climacograptus  sp.  (3) 

?  Climacograptus  sp.  (2) 

?  Glyptograptus  sp.  (I) 

205  Climacograptus  cf.  scalaris  (10)  ( ?— 12) 

Climacograptus  sp.  (16) 

Glyptograptus  cf.  incertus  (I) 

Gl.  cf.  tamariscus  (2)  ( ?—  1 1 ) 

Glyptograptus  sp.  (7) 

?  Glyptograptus  sp.  (4) 


t  =  talus  sample  given  footage-unit  of  interval  from  which  it  probably 
was  derived. 
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207-2l5t*  Climacograptus  cf.  rectangularis  (3) 
Climacograptus  sp.  (2) 

?  Climacograptus  sp.  (I) 

Glyptograptus  cf.  incertus  (I) 

Gl.  cf.  tamariscus  (I) 

?  Glyptograptus  sp.  (I) 

Monograptus  cf.  cl  ingam  (2) 

M.  cf.  decipens  (2) 

M.  cf.  fimbriatus  (3) 

M.  intermedius  (3) 

M.  leptotheca  (I)  (cf.-2)  (?-l) 

M.  cf.  marri  (I) 

M.  millepeda  (I) 

M.  cf.  nudus  (I)  (?-2) 

M  cf.  runcinatus  (2) 

M.  cf  sedgwicki  (I)  (?-2) 

M.  triangulatus  ?  (2) 

M.  cf.  turriculatus  minor  (I) 

Monograptus  n.  sp.  M.  (2)  (cf.-l) 
Monograptus  sp.  (22) 

207-210  ?  Amplexograptus  sp.  (3) 

Climacograptus  sp.  (4) 

?  Climacograptus  sp.  (4) 

Glyptograptus  serratus  ?  (I) 

Gl  .cf.  tamariscus  (2)  (?-4) 

?  Glyptograptus  sp.  (4) 

Monograptus  clingani  ?  (2) 

M.  cf.  decipiens  (I)  (?-3) 

M.  finbriatus  (I) 

M.  cf.  jaculum  (4)  (?-2) 

M.  leptotheca  (4)  (cf.-8)  (?-5) 

M.  nudus  (2)  (cf.-5)  (?-l) 

M.  cf.  runcinatus  (II)  (?-l) 

M.  sedgwicki  (9)  (cf.-4)  (?-3) 

M.  tort  ills  ?  (I) 

M.  cf.  triangulatus  (3)  (?-5) 

Monograptus  n.  sp.  M  (12)  (cf.-3) 
Monograptus  sp.  (includes  indeterminable 
monoclimacograptids  and  several  unidentified 
demirastritids) 

Petalograptus  palmeus  (5)  (?-l) 

Petalogr.  palmeus  tenuis  (2) 

Restrites  cf.  hybridus  (2) 

R.  maximus  ?  (I) 

R.  cf.  peregrinus  (2) 

Rastrites  sp.  (2) 


Zones  of  M.  gregarius 
to  M.  sedgwicki 


f 
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2 lOt  Monograptus  cf.  leptotheca  (I) 

M.  spiralis  (2)  (?-2) 

M.  ex  gr.  vomerinus  (6) 

Monograptus  sp.  (3) 

Diversograptus  cf.  ramosus  (5) 
Diversograptus  sp.  (4) 

215  Diversograptus  cf.  ramosus  (6) 

?  Div.  ramosus  (37) 

Monograptus  clingani  (I)  (cf.-3) 

M.  decipiens  ?  (I) 

M.  cf.  ha  Hi  (5) 

M.  marri  (I)  (cf .  —  I) 

M.  cf.  nudus  (3)  (?-l) 

M.  cf.  pandus  (2) 

M.  runcinatus  (14)  (cf.-27)  (?-45) 

M.  sedgwicki  (34)  (cf .  — 12)  (7-15) 

M.  cf.  turriculatus  (2)  (?-5) 

M.  turriculatus  minor  (18)  (cf.-7)  (?-l) 
Monograptus  sp.  (97) 

Petalograptus  palmeus  (2) 

?  Petalograptus  sp.  (I) 

Rastrites  longispmus  ?  (5) 

?  Rastrites  sp.  (2) 

220  ?  Climacograptus  sp.  (I) 

Monograptus  cf.  concinnus  (6) 

M.  flagellaris  (I) 

M.  ha  1 1 1  ?  (I) 

M.  marri  (3)  (cf.-4) 

M  nodifer  (6)  (cf.-5)  (?-5) 

M.  pandus  (2)  (?-l) 

M.  aff.  priodon  (2) 

M.  runcinatus  (3)  (cf.-6)  ( ?— 10) 

M.  sedgwicki  ?  (I) 

M.  cf.  turriculatus  (I)  (?-4) 

M.  turriculatus  minor  (3)  (?-2) 
Monograptus  sp.  (24) 

Petalograptus  palmeus  (I)  (?-l) 

225  Monograptus  flagellaris  ?  (I) 

M.  cf.  pandus  (I) 

M.  cf.  turriculatus  (I) 

Monograptus  sp.  (4) 

Monograptus  cf.  pandus  (I) 

M.  spiralis  (5)  (cf.-2)  (?-l) 

M.  cf.  turriculatus  (I) 

M.  vomerinus  cf.  crenulatus  (5)  (?-l) 


Zone  of 
M.  turriculatus 


230-235 
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240  Monograptus  crenularis  ?  (I) 

M.  cf.  galaensis  (2)  (?-2) 

M.  pandus  (2)  (cf.-3) 

M.  spiralis  (8)  (cf.-2)  (?-l) 

M.  vomerinus  crenulatus  (6)  (cf .  —  17) 
Retiolites  geinitzianus  (3) 

250  Monograptus  cf.  crenularis  (16)  (?-4) 

M.  galaensis  (3)  (cf.-6) 

M.  cf.  griestoniensis  (I) 

M.  marri  (9)  (cf.-7) 

M.  cf.  nudus  (3)  (?-l) 

M.  pandus  (5)  (cf.10)  (?-2) 

M.  priodon  (I)  (cf.-l) 

M.  spiralis  (14)  (cf .  — 12) 

M.  cf.  undulatus  (I) 

M.  ex.  gr.  vomerinus  (5) 

M.  vomerinus  crenulatus  (16)  (cf .  —  II)  (?-l) 
Monograptus  sp.  (8) 

Retiolites  geinitzianus  (I) 

245-250t  M.  cf.  dextrorsus  (I)  (?-l) 

M.  marri  (I) 

M.  cf.  pandus  (2) 

M.  priodon  (6)  (cf.-l)  (?-2)  (aff.-3) 

M.  sartorius  ?  (I) 

M.  spiralis  (117)  (cf.-6)  (?-7) 

M.  vomerinus  crenulatus  (10)  (cf.-5) 
Mongraptus  sp.  (29) 

Retiolites  geinitzianus  (I) 

Retiolites  sp.  (2) 

255  Monograptus  communis  ?  (I) 

M.  cf.  crenularis  (I) 

M.  cf.  dextrorsus  (2)  (?-l) 

M.  cf.  galaensis  (I) 

M.  marri  ?  (I) 

M.  spiralis  (I)  (?-3) 

M.  ex  gr.  vomerinus  (17) 

M.  vomerinus  crenulatus  (5)  (cf.-4) 
Monograptus  sp.  (6) 

250-265t  Monograptus  acus  (2) 

M.  cf.  dextrorsus  (I) 

M.  nudus  (2)  (cf.-6)  (?-2) 

M.  pandus  ?  (I) 

M.  priodon  (10)  (?-2) 

M.  spiralis  (18)  (cf.-3)  (?-6) 

M.  ex  gr.  vomerinus  (16) 

Monograptus  sp.  (34) 

Retiolites  geinitzianus  (I) 

R.  geinitzianus  angustidens  (3) 

Retiolites  sp.  (2) 
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260  Monograptus  acus  (4)  (cf.-2) 

M.  griestoniensis  (7) 

M.  nudus  (I)  (cf.-2)  (?-2) 

M.  priodon  (4)  (cf.-2) 

M.  spiralis  (16)  (cf.-4)  (?-6) 

M.  cf.  undulatus  (I) 

M.  ex  gr.  vomerinus  (6) 

Monograptus  sp.  (18) 

Retiolites  cf.  geinitzianus  (I) 

265  Monograptus  acus  (I) 

M.  cf.  griestoniensis  (2)  (?-l) 

M.  nudus  (13)  (cf .  —  II)  (?-l) 

M.  pandus  (I) 

M.  priodon  (12)  (cf.-l)  (?-2)  (aff .—II) 

M.  sartorius  (I)  (?-l) 

M.  spiralis  (30)  (cf .—II)  (?-5) 

M.  cf.  vomerinus  (I)  (ex.  gr .  — 12) 

M.  vomerinus  crenulatus  (I) 

Monograptus  sp.  (38) 

Retiolites  geinitzianus  (I) 

Retiolites  sp.  (3) 

255-270t  Cyrtograptus  canadensis  (I) 

Monograptus  dextrorsus  (2)  (?-5) 

M.  griestoniensis  (3)  (cf.-2)  (?-5) 

M.  linnarssoni  (5)  (cf.-3) 

M.  priodon  (19)  (cfr2)  (?-4) 

M.  spinulosus  ?  (I) 

M.  spiralis  (42)  (cf.-7)  (?-8) 

M.  vomerinus  (2)  (aff.-l)  (ex.  gr.-20) 
Monograptus  sp.  (49) 

Retiolites  geinitzianus  (I) 

R.  geinitzianus  angustidens  (2)  (?-2) 
Retiolites  sp.  (4) 

?  Retiolites  sp.  (I) 

Stomatograptus  grandis  (I) 

255-275t  Monograptus  acus  (I) 

M.  cf.  dextrorsus  (4) 

M.  cf.  falx  (I) 

M.  griestoniensis  ?  (2) 

M.  nudus  (!) 

M.  cf.  priodon  (2) 

M.  sartorius  (I) 

M.  cf.  spinulosus  (I) 

M.  spiralis  (20)  (cf .—14)  (?-20) 

M.  cf.  vomerinus  (2)  (ex  gr.-24) 
Monograptus  sp.  (26) 

Retiolites  geinitzianus  angustidens  (5)  (?-2) 
Stomatograptus  grandis  (2) 


_ 


270 

275 

280 
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Monograptus  acus  (3) 

M.  dextrorsus  (4)  (cf.-l)  (?-2) 

M.  cf.  dubius  (I) 

M.  cf.  falx  (I)  (1-2) 

M.  griestoniensis  (3)  (?-2) 

M.  nudus  (13)  (cf.-4)  (?-l) 

M.  priodon  (30)  (cf.-2)  (?-l) 

M.  aff.  runcinatus  (6) 

M.  spiralis  (8)  (cf.-2)  (?-4) 

M.  aff.  variabilis  (I) 

M.  vomerinus  (10)  (?-l)  (ex.  gr.-42) 

M.  vomerinus  crenulatus  (2)  (cf.-l) 

Monograptus  sp.  (5) 

Retiolites  geinitzianus  (2) 

R.  geinitzianus  angustidens  (3) 

Stomatograptus  grandis  (3)  (?-l) 

Cyrtograptus  canadensis  (2)  (cf.-l) 

?  C.  canadensis  (I) 

C.  cf.  lapworthi  (2) 

?  C.  lapworthi  (2) 

?  Cyrtograptus  sp.  (2) 

Monograptus  nudus  (2)  (cf.-l) 

M.  cf.  pandus  (I) 

M.  priodon  (25)  (cf.-4)  (?-l) 

M.  spiralis  (3)  (cf.-2)  (?-7) 

Retiolites  geinitzianus  (4) 

R.  geinitzianus  angustidens  (5) 

Retiolites  sp.  (2) 

?  Retiolites  sp.  (I)  Sub  zone  of 

Stomatograptus  grandis  (I)  Stom.  grandis 

?  Cyrtograptus  canadensis  (2) 

C.  cf.  lapworthi  (I) 

?  C.  lapworthi  (3) 

Cyrtograptus  sp.  D  (I) 

?  Cyrtograptus  sp.  I  (I) 

?  Cyrtograptus  sp.  (3) 

Monograptus  priodon  (2) 

M.  cf.  sartorius  (2)  (?-l) 

M.  aff.  scanicus  (I) 

M.  spiralis  (18)  (cf.-4)  (?-4)  (ex.  gr.-l) 

M.  vomerinus  cf.  basilicus  (I) 

Monograptus  sp.  (15) 

Retiolites  geinitzianus  (I) 

?  Cyrtograptus  canadensis  (I) 

?  C.  lapworthi  (I) 

Cyrtograptus  sp.  D 
?  Cyrtograptus  sp.  I  (I) 

Monograptus  cf.  falx  (I) 

M.  griestoniensis  (6)  (cf.-l2)  (?-3) 

M.  cf.  priodon  (I)  (?-5) 

M.  spiralis  (47)  (cf.-4)  {1-7) 
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285  M.  vomerinus  (20)  (?-5)  (ex  gr.-27) 

Monograptus  sp.  F  (9)  (?-7) 

Monograptus  sp.  (49) 

Retiolites  sp.  (I) 

270-300t  Cyrtograptus  canadensis  (7)  (cf.-3)  (?-l) 

?  C.  canadensis  (8) 

C.  cf.  lapworthi  (6)  (?-l) 

?  C.  lapworthi  (27) 

Cyrtograptus  sp.  (I) 

?  Cyrtograptus  sp.  (3) 

?  Diversograptus  (?)  pergracilis  (25) 
Monograptus  dubius  (I)  (ex.  gr.-l) 

M.  flemingii  (I) 

M.  griestoniensis  (15)  (cf.-26)  (?-2) 

M.  cf.  sartorius  (6) 

M.  aff.  scanicus  (I) 

M.  spiralis  (21)  (cf .  —  12)  (?-6) 

M.  vomerinus  (32)  (?-l3)  (ex.  gr .—19) 

M.  vomerinus  cf.  basilicus  (2) 

Monograptus  sp.  (151) 

Retiolites  geinitzianus  (9)  (cf.-l) 
Stomatograptus  grandis  (I) 

290  Cyrtograptus  canadensis  (10)  (cf.-l)  (?-l) 

?  C.  canadensis  (40) 

C.  lapworthi  (3)  (cf.-2)  (?-ll) 

?  C.  lapworthi  (18) 

Cyrtograptus  sp.  (I) 

?  Crytograptus  sp.  (16) 

Monograptus  capillaceus  (3) 

M.  minimus  ?  (II) 

M.  priodon  (15)  (cf.-5)  (?-5) 

M.  spinulosus  (2) 

M.  spiralis  (29)  (cf.-4)  (?-5) 

M.  vomerinus  (53)  (cf.-l)  (?-5)  (ex.  gr.-40) 
M.  vomerinus  basilicus  (I) 

Monograptus  sp.  E  (10) 

Monograptus  sp.  (110) 

Retiolites  geinitzianus  (12)  (cf.-2) 

R.  geinitzianus  angustidens  (7) 

Retiolites  sp.  (3) 

Stomatograptus  grandis  (4)  (cf.-l) 
Stomatograptus  sp.  (I) 

?  Stomatograptus  sp*  (2) 

290-320  Cyrtograptus  canadensis  (2)  (cf.-3)  (?-6) 

C.  cf.  lapworthi  (I) 

?  Cyrtograptus  sp.  (I) 

Monograptus  ex  gr.  dubius  ?  (I) 

M.  cf.  griestoniensis  (7) 


. 
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M.  priodon  (13)  (cf.-4)  (?-3) 

M.  spiralis  (I) 

M.  vomerinus  (I)  (ex.  gr.-9) 

Monograptus  sp.  (34) 

Retiolites  geinitzianus  (I)  (?-l) 

R.  geinitzianus  angustidens  (I)  (cf.-l) 
Retiolites  sp.  (I) 

Cyrtograptus  cf.  canadensis  (I) 

C.  lapworthi  (7)  (cf .  — 13)  (?-l) 

?  C.  lapworthi  (26) 

Cyrtograptus  sp.  (I) 

?  Cyrtograptus  sp.  (I) 

Monograptus  cf.  dubius  (I) 

M.  cf.  flemingii  (I)  (?-l) 

M.  priodon  (I)  (cf.-4)  (?-4) 

M.  riccartonensis  (3)  (cf.-4)  (?-7) 

M.  spiralis  (I) 

M.  vomerinus  (23)  (?-l)  (ex  gr.-33) 

M.  vomerinus  basilicus  (I) 

Monograptus  sp.  (30) 

Retiolites  geinitzianus  (I)  (cf.-2) 

R.  geinitzianus  angustidens  (18)  (cf.-l)  (?-l) 
Retiolites  sp.  (I) 

?  Stomatograptus  sp.  (I) 

Cyrtograptus  canadensis  (3) 

?  C.  canadensis  (8) 

C.  cf.  lapworthi  (I)  (?-l) 

?  C.  lapworthi  (12) 

?  Div.  (?)  pergracilis  (2) 

Monograptus  priodon  (19)  (cf.-2)  (?-5) 

M.  riccartonensis  (3)  (cf.-l)  (?-3) 

M.  vomerinus  (8)  (cf.-l)  (ex  gr.-24) 

M.  vomerinus  gracilis  (I) 

Monograptus  sp.  (25) 

Retiolites  geinitzianus  (I) 

R.  geinitzianus  angustidens  (I) 

Retiolites  sp.  (I) 

Cyrtograptus  canadensis  (4)  (cf.-3)  (?-4) 

?  C.  canadensis  (25) 

C.  lapworthi  (I)  (cf.-5)  (?-7) 

?  C.  lapworthi  (2) 

Cyrtograptus  sp.  I  (3) 

?  Cyrtograptus  sp.  I  (3) 

Cyrtograptus  sp.  (8) 

?  Cyrtograptus  sp.  (5) 

Monograptus  capillaceus  ?  (3) 

M.  dubius  (6)  (?-4) 

M.  priodon  (4)  (cf.-4)  (?-2) 

M.  vomerinus  (4)  (ex.gr. -13) 

M.  vomerinus  cf.  gracilis  (I) 


zone-unit  of 
C.  canadensis  and 
C.  lapworthi 


. 
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305 [  Monograptus  sp.  E  (12)  (?-3) 

Monograptus  sp.  (69) 

?  Retiolites  sp.  (I) 

310  Cyrtograptus  rigidus  ?  (I) 

Monograptus  capillaceus  (2)  (?-4) 

M.  dubius  (3)  (cf.-8)  (?-30)  (ex  gr.-2) 

M.  priodon  (16)  (?-l) 

M.  riccartonensis  (9)  (cf .  —13)  (?-3) 

M.  vomerinus  (9)  (ex.  gr.-l4) 

M.  vomerinus  gracilis  (3)  (cf.-3) 

Monograptus  sp.  (87) 

M. 

315  Cyrtograptus  rigidus  ?  (2) 

Cyrtograptus  sp.  (I) 

Monograptus  capillaceus  (12) 

M.  cf.  dubius  (2)  ( ?—  1 8)  (ex.  gr.-IO) 

M.  cf.  flemingii  (I) 

M.  priodon  (4)  (cf.-2) 

M.  cf.  riccartonensis  (I) 

M.  vomerinus  (2)  (ex„  gr.-34) 

Monograptus  sp.  (245) 

320  Cyrtograptus  rigidus  ?  (3) 

Cyrtograptus  sp.  (3) 

?  Crytograptus  sp.  (15) 

Monograptus  dubius  (I)  (ex.  gr.-2) 

M.  priodon  (5) 

M.  riccartonensis  ?  (2) 

M.  ex  gr.  vomerinus  (I) 

Monograptus  sp.  (4) 

325  Cyrtograptus  rigidus  ?  (I) 

?  Crytograptus  sp.  (2) 

Monograptus  dubius  (I)  (cf .  —  17)  (?-4)  (ex.  gr.-6) 
M.  cf.  flemingii  (I) 

M.  priodon  (27)  (cf .  —  14) 

M.  riccartonensis  (I)  (cf.-2)  (?-3) 

M.  vomerinus  (8)  (ex  gr .—115) 

M.  vomerinus  gracilis  (6)  (cf.-4) 

Monograptus  sp.  (147) 

330  Cyrtograptus  sp.  (I) 

Monograptus  cf.  flemingii  (3) 

M.  cf.  jaekeli  (6) 

M.  priodon  (10)  (cf.-34) 

M.  aff.  scanicus  (3) 

M.  vomerinus  (10)  (ex.  gr.-25) 

M.  vomerinus  gracilis  (3)  (cf.-3) 

Monograptus  sp.  (93) 


Zone  of 
riccartonensis 


Zone-unit  of 
C.  rigidus  ? 


Zone-unit  of 
M.  cf.  jaekeli 
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335  Cyrtograptus  cf.  mancki  (5) 

?  Cyrtograptus  sp.  (20) 

Monograptus  cf.  dubius  (3)  (?-9) 

M.  flemingii  (4)  (cf.-l6)  (?-2) 

M.  cf.  latus  (2)  (?-l) 

M.  priodon  (10)  (cf.-4) 

M.  riccartonensis  (3)  (cf.-3)  (?-3) 

M.  aff.  scanicus  (3) 

M.  vomer inus  (184)  (ex,  gr.-IO) 

M.  vomerinus  gracilis  (8)  (cf.-36) 

340  Cyrtograptus  (?)  cf.  gracilis  (I) 

?  Cyrtograptus  sp.  (4) 

Monograptus  flemingii  (I)  (cf.-6) 

M.  flemingii  primus  ?  (I) 

M.  latus  ?  (I) 

M.  priodon  (6)  (cf.-5)  ( ?— 10) 

M.  vomerinus  (62) 

Monograptus  sp.  (76) 

345  Cyrtograptus  sp.  (I) 

?  Cyrtograptus  sp.  (10) 

Monograptus  cf.  dubius  (3) 

M.  flemingii  (34)  (cf .  — 19)  (?-IO) 

M.  priodon  (4)  (cf .  — 15)  (?-3) 

M.  vomerinus  (77)  (cf.-4)  (?-9)  (ex,  gr.-5) 

350  Cyrtograptus  cf.  hamatus  (I) 

?  C.  hamatus  (15) 

C.  mancki  (I) 

?  Cyrtograptus  sp.  (8) 

Monograptus  flemingii  (93)  (cf.-4)  (?-6) 

M.  flemingii  primus  (3)  (?-2) 

M.  priodon  (25)  (cf.-3) 

M.  vomerinus  (43)  (cf.-2)  (?-2) 

Monograptus  sp.  (109) 

350-353  Cyrtograptus  ?  cf.  gracilis  (8) 

?  C.  (?)  gracilis  (20) 

C.  lundgreni  ?  (I) 

?  C.  lundgreni  (14) 

?  Cyrtograptus  sp.  (8) 

Gothograptus  nassa  ?  (2)  (aff.-l) 
Monograptus  dubius  (8)  (cf.-7)  (?-l2) 

M.  flemingii  (2)  (cf.-3)  (?-3) 

M.  jaekeli  ?  (2) 

M.  priodon  (2)  (cf.-3)  (?-l) 

M.  testis  (36)  (cf.-3)  (?-5) 

M.  vomerinus  (14)  (cf.-4)  (?-3) 

Monograptus  sp.  (45) 


Zone-unit  of 
M.  cf.  latus  and 
C.  (?)  cf.  gracilis 


Zone-unit  of 
C.  cf.  hamatus  and 
C.  mancki 


Zone  of 
M.  testis 


? 

. 


, 


:)  u  }  ..o(-n 

;v-  ‘- 
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355  Cyrtograptus  (?)  cf.  gracilis  (4)  (?-4) 

C.  cf.  lundgreni  (I) 

?  C.  lundgreni  (7) 

Cyrtograptus  sp.  (I) 

Monograptus  flemingii  (2)  (?-3) 

M.  testis  (161) 

M.  vomerinus  (9)  (cf.rl) 

355*  M.  aff.  deubeli  (100) 

320-380  Cyrtograptus  lundgreni  (12)  (cf.-22)  ( ?— 18) 
?  C.  lundgreni  (44) 

?  Cyrtograptus  sp.  (2) 

Gothograptus  sp.  (3) 

Monograptus  aff.  dubius  (25) 

M.  cf.  flemingii  (I)  (?-3) 

M.  cf.  nilssoni  (2) 

M.  testis  (42)  (?-l) 

M.  vomerinus  (I)  (cf.-l)  (?-2) 
Monograptus  sp.  (10) 

Spinograptus  cf.  spinosus  (3) 

360  Cyrtograptus  cf.  lundgreni  (2) 

?  C.  lundgreni  (12) 

?  Gothograptus  sp.  (3) 

Monograptus  dubius  (44)  (cf.-l25)  (?-2) 

M.  flemingii  (4)  (?-5) 

M.  irfonensis  (3)  (?-2) 

M.  testis  (98)  (cf.-9) 

M.  vomerinus  (5)  (ex  gr.-3) 

Monograptus  sp.  (115) 

360*  Monograptus  dubius  (ss.,  cf.,  ?,  ex  gr.) 

(approx.  250) 

365  Monograptus  dubius  (ss.,  cf.,  ?,  ex  gr.) 

(approx.  500) 

370  Monograptus  dubius  (ss.,  cf.,  ?,  ex  gr.) 

(approx.  300) 

375  Monograptus  dubius  (ss.,  cf.,  ?,  ex  gr.) 

(approx.  300) 

380  Monograptus  colonus  (102)  (cf.-l  12)  (?-38) 

M.  dubius  (19)  (cf .  —II)  (?-7)  (ex  gr.-l25) 


Interregnum  of 
M.  dubius 


*Small  shear  faults  occur  at  355  and  360.  Compensations  in  field  measurements 
were  attempted,  however,  as  a  precaution,  samples  were  taken  on  both  sides  of 
the  fault  -  355*  and  360*  are  the  upper  samples  in  each  case. 


' 


380 

385 

390 

395 

400 

405 
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M.  cf.  micropoma  (2) 

M.  nilssoni  (260)  (cf.-4)  (?-2) 

M.  uncinatus  (23)  (cf.-6) 

M.  varians  cf.  pumilus  (I) 

M.  cf.  vulgaris  (II)  (?-5) 

Monograptus  sp.  (265) 

Monograptus  cf.  chimaera  (3) 

M.  colonus  (10)  (cf .  —18)  ( ?— 15) 

M.  colonus  ?  ex,  gr.  dubius  (28) 

M.  colonus  ?  varians  (83) 

M.  cf.  crinitus  (3) 

M.  nilssoni  (58)  (cf.-32)  (?-7) 

M.  scanicus  (9)  (cf.-6) 

Mongraptus  sp.  (64) 

Monograptus  bohemicus  (36)  (cf.-4)  (?-l) 
M.  cf.  chimaera  (I) 

M.  colonus  (I)  (cf.-2)  (?-l) 

M.  colonus  ?  varians  (62) 

M.  nilssoni  (56)  (cf .  — 15)  ( ?— 14) 

M.  scanicus  (I)  (cf.-5) 

M.  varians  (7)  (cf.-l6)  (?-3) 

Monograptus  sp.  (64) 

Monograptus  bohemicus  (67)  (cf.-7)  (?-5) 
M.  colonus  (4)  (cf.-27)  (?-3) 

M.  colonus  ?  varians  (92) 

M.  nilssoni  (30)  (cf.-47)  (?-IO) 

M.  scanicus  (I)  (?-l) 

M.  varians  (I)  (cf.-5)  (?-5) 

Monograptus  sp.  (75) 

Monograptus  bohemicus  (103)  (cf.-8)  (?-6) 
M.  colonus  (4)  (cf.-6) 

M.  colonus  ?  varians  (93) 

M.  crinitus  (6)  (cf.-l)  (?-l) 

M.  nilssoni  (6)  (cf.-6)  (?-4) 

M.  scanicus  (8)  (cf .  —15)  (?-3) 

M.  uncinatus  ?  (I) 

M.  cf.  varians  (I) 

Monograptus  sp.  (44) 

Monograptus  bohemicus  (10)  (cf.-IO)  (?-8) 
M.  colonus  (6)  (cf .  —  I) 

M.  colonus  ?  varians  (19) 

M.  nilssoni  (5)  (cf .  — 15)  (?-4) 

M.  scanicus  (2)  (cf.-6)  (?-8) 

Monograptus  sp.  (53) 


: 

CI-?) 

I  ..23 
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410  Monograptus  bohemicus  (15)  (cf.~4)  (?-l) 

M.  chimaera  ?  (I) 

M.  colonus  (5)  (cf.-l) 

M.  colonus  ?  varians  (18) 

M.  crinitus  (4)  (cf.-l)  (?-2) 

M.  nilssoni  ?  (6) 

M.  scanicus  (7)  (?-4) 

M.  cf.  uncinatus  (I) 

Monograptus  sp.  (70) 

415  Monograptus  bohemicus  (13)  (cf.-4)  (?-5) 

M.  cf.  chimaera  (2) 

M.  colonus  (I)  (cf.-l) 

M.  colonus  ?  varians  (26) 

M.  crinitus  (II)  (cf .  — 18)  (?-l) 

M.  dubius  (3)  (ex  gr.-9) 

M.  nilssoni  (4)  (cf.-7)  (?-7) 

M.  roemeri  (2)  (cf.-2) 

M.  scanicus  (16)  (cf.-7)  (?-l) 

M.  uncinatus  (6)  (cf.-9) 

M.  cf.  varians  (23) 

M.  cf.  vulgaris  (12) 

Monograptus  sp.  (100) 

420-430  Monograptus  bohemicus  (4) 

M.  chimaera  (I)  (cf.-6)  (?-5) 

M.  colonus  ?  varians  (57) 

M.  cf.  crinitus  (5) 

M.  ex,  gr.  dubius  (3) 

M.  nilssoni  (I)  (cf.-5)  (?-4) 

M.  scanicus  (5)  (cf.-5) 

M.  uncinatus  (I)  (cf.-2)  (?-3) 

M.  varians  (5)  (cf.-l) 

M.  vulgaris  ?  (I) 

M.  cf.  vulgaris  curtus  (I) 

Monograptus  sp.  H  (59) 

Monograptus  sp.  K  (6) 

Monograptus  sp.  (II) 

430-440  Monograptus  bohemicus  (160)  (cf.-7) 

M.  cf.  chimaera  (I)  (?-l) 

M.  colonus  ?  varians  (38) 

M.  cf.  crinitus  (4)  (?-l) 

M.  cf.  dubius  (16)  (?-l)  (ex.  gr.-7) 

M.  nilssoni  (4)  (cf.-7)  (?-3) 

M.  scanicus  (15)  (cf.-67)  (?-4) 

M.  uncinatus  (37)  (cf.-27)  ( ?—  1 9) 

M.  varians  (3) 

M.  cf.  vulgaris  (I)  (?-2) 

Monograptus  sp.  H  (14) 

Monograptus  sp.  (167) 


Zone  of 
M.  nilssoni 


Subzone  of 
M.  bohemicus 


.  (£-<?)  (d-Ja)  .(I) 


. 
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440-455 


465 


475 


Monograptus  bohemicus  (96) 

M.  chimaera  (2)  (cf.-3) 

M.  cf.  colonus  (I) 

M.  dubius  (I)  (ex,  gr.-2) 

M.  cf.  micropoma  (I)  (?-l) 

M.  nilssoni  (3)  (cf.-4)  (?-2) 

M.  scanicus  (25)  (cf.-4)  (?-l) 

M.  uncinatus  (304)  (cf.-7)  (?-l) 

M.  cf.  varians  (2) 

M.  cf.  vulgaris  (2) 

Monograptus  sp.  (73) 

Monograptus  bohemicus  (18)  (cf .  —19)  (?-5) 
M.  chimaera  (2)  (cf.-l)  (?-5) 

M.  cf.  nilssoni  (2)  (?-l) 

M.  roemeri  (I)  (?-l) 

M.  scanicus  ?  (I) 

M.  uncinatus  (7) 

M.  varians  (3)  (cf.-4)  (?-9) 

Monograptus  sp.  (55) 

Monograptus  bohemicus  (32)  (cf.-78)  (?-3) 
M.  chimaera  (2)  (?-2) 

M.  colonus  ?  varians  (6) 

M.  uncinatus  (2) 

M.  varians  (9)  (cf.-26)  (?-7) 

Monograptus  sp.  (30) 


APPENDIX  C 

Clearwater  Creek  Section  J£-2-66 
Air  photos:  A  12283-419 

420 

Latitude:  6I°35'N  Longitude:  I25°35'W 
Date  measured:  August  19,  1966 
Measured  by:  J.  Etherington  and  P.  Reed 


Footage  up 
from  base 

of  section  Lithology 

0-3  Quartzite,  medium  grey,  weathering  light  grey  to  light 

brown,  medium  crystalline,  medium  bedded  to  massive, 
resistant.  Nonfossiliferous. 

Quartzite  becomes  argillaceus  towards  the  siltstone  -  quartzite 
contact.  Pyrite  grains  are  concentrated  at  this  contact. 
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Map  Unit  3  Middle  Whittaker  Upper  Ordovician 

Map  Unit  5  Upper  Whittaker  Lower  Silurian 

3-8  Siltstone,  dark  grey,  weathering  medium  grey  to  light  brown, 

thin  bedded  to  laminated,  blocky,  slightly  recessive,  highly 
pyritic.  Nonfossiliferous. 

8-33  Shale,  very  silty,  dark  grey,  weathering  light  grey  and  light 

brown,  poorly  fissile,  crumbly,  very  recessive,  highly  limonitic, 
white  gypsum  crystals  coat  the  section  surface.  Nonfossiliferous. 

33-83  Siltstone  with  interbeds  of  shale,  slightly  dolomitic,  argillaceous, 

dark  grey  to  black,  weathering  light  to  medium  grey,  red  to 
brown  iron  staining,  silt  to  fine  sand  grains,  thin  bedded  to 
laminated,  flaggy,  moderately  recessive. 

Fossil iferous:  biserial  graptolites  only  Climacograptus, 
Glyptograptus,  Orthograptus.  ” 

Using  the  top  of  the  quartzite  unit  as  a  marker,  section  JE-2-66,  interval 
3  ft.  -  83  ft.,  is  considered  stratigraphical ly  equivalent  to  section  JE-l-66, 
interval  12  ft.  -  92  ft. 


Clearwater  Creek  Section  JE-l-66 
Air  photos:  A  12283-419 

420 

A  12285-328 
329 

Latitude:  6I°35'N  Longitude:  I25°35'W 
Date  measured:  August  15-18,  1966 
Measured  by:  J.  Etherington  and  P.  Reed 


Footage  up 

from  base  Lithology 

of  section 

0-12  Quartzite,  light  grey,  weathering  light  grey  and  light  yellowish 

brown,  medium  crystalline,  sugary  texture,  medium  bedded  to 
massive,  resistant,  minor  pinpoint  vugs.  Nonfossiliferous. 

Map  Unit  3  Middle  Whittaker  Upper  Ordovician 

- ? - - -  ?  - - 

Map  Unit  5  Upper  Whittaker  Lower  Silurian 

12-45  Covered  interval,  probably  equivalent  to  JE-2-66,  interval  3  ft. 

48  ft. 


45 


Bedding  striking  III  degrees,  dipping  40  degrees  to  the  northeast. 


■ 
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45-206 


206-207 


207 

207-241 


241 

241-275 

275-277 

277-281 

281-283 

283-300 


In  ter  bedded  siltstone  (95%)  and  shale  (5%).  Siltstone,  medium  grey, 
weathering  light  grey  to  yellowish  brown,  silt  to  fine  sand  grains, 
slightly  calcareous,  very  thin  to  thin  bedded,  flaggy  to  platy, 
moderately  recessive  to  slightly  resistant.  Shale,  dark  grey,  weathering 
light  grey,  in  3-4  inch  partings,  platy  to  papery,  slightly  calcareous, 
recessive.  Shale  fraction  decreases  up  section  -  135-206  is  almost  all 
siltstone.  Fossiliferous:  biserial  graptolites  only  -  Climacograptus, 
Glyptograptus,  Orthograptus  and  Petalograptus. 

Argillite,  dark  to  medium  grey,  weathering  light  grey,  fine 
crystalline,  very  slightly  calcareous,  thin  bedded,  blocky,  slightly 
resistant,  pyritic,  gypsum,  hematite  and  limonite  on  the  weathered 
surface.  Non  fossiliferous. 

Contact  argillite-shale.  Sharp  lithologic  change,  bedding  concordant. 
Pyrite  and  iron  staining  are  concentrated  on  the  contact.  Possible 
hiatus? 

Shale,  dark  grey,  weathering  medium  grey  and  yellowish  brown, 
calcareous,  laminated  to  very  thin  bedded,  crumbly  and  hackly, 
calcite  veining,  white  calcite  and  gypsum  coat  the  weathered 
surface,  iron  staining,  recessive.  Fossiliferous:  Monograptus,  and 
a  few  specimens  of  Glyptograptus,  Climacograptus,  Rastrites,  and 
Petalograptus. 


6-8  inch  band  of  ironstone  nodules,  highly  weathered. 

Shale,  slightly  silty,  black,  weathering  medium  grey,  thin  bedded 
to  laminated,  papery  to  platy,  calcareous,  minor  iron  staining, 
recessive.  Some  slightly  resistant  silty  bands  3  to  4  inches  thick. 
Fossiliferous:  Monograptus,  Cyrtograptus  (after  273)  Retiolites, 

Stoma  tog  raptus  (at  270). 

Siltstone,  dark  grey  to  black,  weathering  light  grey,  dense,  silt 
to  fine  sand  grains,  thin  bedded,  minor  calcite  veining,  white 
calcite  and  gypsum  coats  the  weathered  surface,  resistant. 
Nonfossiliferous. 

Shale,  silty,  dark  grey,  weathering  light  grey  and  yellowish  brown, 
slightly  calcareous  to  dolomitic,  very  thin  bedded,  platy,  iron 
staining,  recessive.  Fossiliferous:  Monograptus,  Cyrtograptus, 
Retiolites,  and  Stomatograptus. 

Siltstone  as  at  275-277. 

Shale,  silty,  with  bends  of  pure  shale  and  siltstone,  dark  grey  to 
black,  weathering  light  grey  with  same  light  yellowish  brown, 
laminated,  platy  to  flaky,  very  slightly  calcareous  to  dolomitic, 
minor  iron  staining,  gypsum  coats  section  surface  and  bedding 
planes,  recessive.  Fossiliferous:  Monograptus,  Cyrtograptus, 
Retiolites,  Stomatograptus,  and  V  Diversograptus. 


■ .  ' 
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300-370  Shale,  silty,  dark  grey,  weathering  light  grey  and  light  yellowish 

brown,  iron  staining,  laminated  to  very  thin  bedded,  crumbly,  some 
platy  bands  near  the  top,  slightly  recessive. Fossil iferous:  Monograptus, 
Cyrtograptus,  ?  Diversograptus,  Gothograbtus,  and  Spinograptus. 

Minor  faulting  at  355  and  360  feet.  Bedding  slightly  contorted  and 
broken.  Maximum  displacement  of  5  feet. 

370-475  Shale  with  occasional  silty  layers,  dark  grey,  weathering  medium 

grey  to  light  grey,  prominent  iron  staining,  very  slightly  dolomitic, 
dense,  platy  to  papery,  silty  layers  are  blocky,  moderately  resistant. 

Upper  10  feet  are  badly  weathered  and  slumped.  Section  becomes 
grass  and  tree-covered  on  the  west  side  but  is  continuously  exposed 
for  an  additional  1000-1500  feet  on  the  east  side  of  the  river. 


t 


SPECIAL  COLLECTIONS 


UNIVERSITY  OF  ALBERTA  LIBRARY 


REQUEST  FOR  DUPLICATION 


I  wish  a  photocopy  of  the  thesis  by 


The  copy  is  for  the  sole  purpose  of  private  scholarly  or  scientific  study 
and  research.  I  will  not  reproduce ,  sell  or  distribute  the  copy  I  request, 
and  I  will  not  copy  any  substantial  part  of  it  in  ray  own  work  without  per¬ 
mission  of  the  copyright  owner.  I  understand  that  the  Library  performs 
the  service  of  copying  at  my  request,  and  I  assume  all  copyright  responsi¬ 
bility  for  the  item  requested. 


F.  236 


September  1975 


Mi 


LOWER  LUDLOW_ WENLOCK_ UPPER  LLANDOVERY  ] MIOOLE  AND  LOWER  LLANDOVERY  SERIES 


sz — 


S  L — 


I 


i 


'  x  ««3  s  a  poo  •(!  , 

I  pm  rmjlM  '10 

30  jiiro-anoi 

1  . 


001 - 


szi — 


OSl — 


S£l - 


I 


(> 


I 

1 

1 

I 


2  ■ 
u 

l 


- H3T*8pa«  'H  03— 

«n-pjr8ai2  30  saaoz 


wnawjnoTixna  -H  3°  **<>Z 


•Tiv.zjds  *h  jo  9002 


•IpmoS  ‘<so3  5 
30  atroiqn  5 


1M3 JOAd»i 

pn»  gjtaaprmo  -3 
IQ  3 Tan- aooi 


•jtwaojrooj 1  *h 
30  9X102 


isnpiSjj  -o 

jo  VJMfi-euoz 

—  ’go  'ff  j - 

30  33011-3002 

-rrrnra-^rjTjrr 

pm  mat]  *33  *H 
30  3TPO-»POZ  ; 


TV®"  -o 
pm  »n3tm»q  *33  *3 
•  30  3 tan -eooa 


•13 «*3  ’H  3°  *002 


•niqnp  -H 
jo  ■naS3jj»3ni 


laotsnu  -m 
30  BU02 


snojnaqoq 
30  auosqns 


-  3 


m 


iTiTT~r  t,t 

■  -  ? 


1 

9  A 


i  9  *  1  $ 


\  h 


jf 

u  l 

S 

f 


SLZ — I  .  1 

-  Is  ■ 

1  *> 

”  ji ' 

, 

c-  u 

U  1 

,  5  *  s 

Ls*  * 

ooe — '  ' 

X 

! 

-4 

i  i 

o  1 

«  • 

-  ^  T— 

IT 


3  i: 


-Sit—. 


4 — !— 


5 S 


-"0- 


-H - 

-ILr  —  \ 


2  S3? 

1  3  *  Si  .-i_' 

5  p--~  c  ■ 1  ■-  ,  — 1 — M-  J — 2  ■ 

I  o  .  w 


-  § 


►  x  — * - 

3 


1  < 


®  1 

.Hi 


;  X  1 

1  O  1 

<1:0 


U 


t  X  i 


:±-s± 

4_jl 


JU 


* 


TV 


